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FACTORS INFLUENCING THRESHOLDS FOR 
MONOCULAR MOVEMENT PARALLAX 


BY C. H. GRAHAM, KATHERINE E. BAKER, MARESSA HECHT, 
AND V. V. LLOYD 


From the Psychological Laboratories of Columbia University 


INTRODUCTION 


When an observer views monocularly a visual field containing 
objects at different distances, movements of the observer’s eyes with 
respect to the visual field or movements of the visual field with 
respect to the observer’s eyes cause a differential angular velocity to 
exist between a line of sight to a fixated object in the field and a line 
of sight to some other object. The condition of differential angular 
velocity holds for binocular vision as well as monocular. Objects 
farther away than the fixated object appear to move more slowly 
than the fixated object and, if the observer is moving, the farther 
objects appear to move in the same direction as the observer. Ob- 
jects nearer than the fixated object appear to move faster than the 
fixated object and in the opposite direction. ‘The greater the distance 
between objects the greater the difference in apparent speed. ‘This 
phenomenon is called monocular movement parallax and provides an 
important cue for monocular space perception. 


The importance of the cue has long been recognized, but we are still in 
ignorance of its quantitative implications. Helmholtz (4) described the 
effect in some detail, but presented no experimental data. Bourdon (1) in 
an experiment in 1898 observed that the relative positions of two illumi- 
nated points could be perceived more accurately when the head was moved. 
In this investigation, two illuminated points of equal visual angle were 
placed one above the other at different distances. When the S was allowed 
to move his head at will, it was found that a point six meters away could 
just be distinguished as farther away than one at five meters. Bourdon 
also observed that judgments were made more easily when the farther point 
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was above the nearer and when they were separated by a visual angle of 1° 
as compared with 6°. Neither extent nor speed of head movement was 
controlled in the experiment, and it is certain that other conditions result 
in much finer discriminations than are reported by Bourdon. 

Tschermak (6) has studied the relative accuracy of monocular movement 
parallax and stereoscopic parallax in a situation presenting vertical and 
horizontal wires in frames set at different distances. Conditions were such 
that the S moved his head at will, but always in a plane normal to the 
direction of the wires. Horizontal head movemént seems to be more 
effective than vertical movement. ‘Tschermak’s experiment has the defi- 
ciencies of Bourdon’s; in addition, viewing distances for the two conditions 
of movement axis varied. No theoretical treatment of the phenomenon 


is given. 

It is the purpose of the present experiment to make a preliminary 
investigation of monocular movement parallax. In particular, we 
are interested in observing the influence on a basic datum, threshold 
differential angular velocity, of such factors as differential size of 


comparison stimuli, intensity of illumination, rate of movement of 
objects and axis of movement. 


STIMULUS SPECIFICATION 


Monocular perception of movement parallax occurs when an observer 
moves with respect to observed objects or observed objects move with 
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Fic. 1. Geometric diagram of monocular movement parallax existing when the subject is 
stationary and objects are moving. For explanation see text. 
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respect to the observer. For experimental purposes, it is convenient to use 
a situation in which the S remains stationary while the objects move. [For 
an analysis which applies to other situations as well, see Graham (2).] 

Fig. 1 shows a geometrical diagram of the situation existing when the 
observer is stationary and the objects move. Since the case of objects 
moving at a constant rate is of greatest interest to the psychologist, we 
shall restrict ourselves to that treatment. 

We represent by m the position of an object at a distance R from the 
center of rotation, C, of the single observing eye. ‘The symbol p represents 
the position of another object at a distance R — 6 from the center of rota- 
tion and n, that of an object at a distance R+ 6. All three positions are 
on a single line of sight. 

Suppose that all three objects move at equal constant rates along a line 
parallel to the line joining the centers of rotation of the two eyes. After 
a given time, all of the objects will have moved through distance L. Move- 
ment through ZL results in angular displacements of @ for the object moving 
from m; 6+ A@ for the object moving from p; and @ — A@ for the object 
moving from n. We are interested in knowing the differential angular 
velocity, d(A6@) /dt, which exists between the line of sight to the object moving 
from m and the line of sight to the object moving from n or p. 

In radian measure and for angles which are not too large: 


L 
= R (1) 
On differentiation, 
dé ‘ 
dR ———~*R®? 
or 
iy = — Ha ~ 





When 6 (Fig. 1) is small in comparison with R, it may be taken equal 
to dR, and d@ may be considered equivalent to A@. On substituting these 
terms im equation (3), we obtain the expression: 


bL 
Ad = — R? (3) 
which gives the reiations existing among the variables A@, 6, L, and R of 
Fig. 1. The sign of A@ depends upon the signs of 6and L. Since @ = L/R, 
equation (3) becomes 


6 
the sign of A@ being determined by the signs of 6 and 6. On differentiation, 
expression (4) becomes 


{| 
d(A6) _ R | 


Zt a (5) 
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and since R and 6 are independent of 6, the final expression becomes 


d(a) 8 
aw (6) 


On the basis of equation (6) it is possible to calculate the differential 
angular velocity existing between two objects when the following terms are 
known: (a) the distance to one object, (b) the distance (which must not 
be too large) between objects, and (c) the rate of movement characteristic 
of both objects. 

For the case of constant rate, which is of most interest to us, 





... . 
= t — Rt » ] (7) 
and for threshold, 
6, 8 
— .- ) (8) 


where w, and 6; are threshold values of w and 6. If w,; is measured in seconds 
of arc per second, equation (8) becomes 


6, 6 
w= 206,000 3° (9) 


Our apparatus has been designed to provide data from which differential 
angular velocity may be calculated by equation (9). The differential angu- 
lar velocity existing when 6; represents the threshold distance between two 
objects for the conditions of perceptible movement parallax is called w,, as 
in equation (9), and will be referred to as such in the text. 


APPARATUS 


The apparatus provides a means of presenting to one eye of the S a rectangular field con- 
taining two needles, one stationary and the other movable, seen as opaque against the field 
illumination and in a plane parallel to the principal line of sight through the apparatus. The 
movable needle may be displaced toward or away from the S. The mechanism holding the needles 
may be moved at a constant speed in a plane perpendicular to the principal line of sight, thus pro- 
ducing monocular movement parallax when the two needles are not at equal distances from the 
S’seye. The task presented to the S is to set the movable needle in such a way that both needles 
appear to be in the same plane or so that no movement parallax is perceptible. 

Fig. 2 is a diagram of the apparatus, with the various parts separated by more than the 
proper scale for the sake of clarity. The broken line passing through all parts represents the 
principal line of sight. The S places his eye (E) directly in front of an artificial pupil (of three 
mm. diameter) and looks through a metal tube (T) (1.25 in. diameter), the inside of which has 
been blackened to reduce reflections. The end of the tube is fitted into a wooden filter box (F) 
where Wratten neutral tint filters may be placed for intensity control. The front of the filter 
box holds a four-diopter double convex lens (L) to provide nearly parallel rays from the stimulus; 
thus accommodation is always for infinity. 

Placed between the filter box and the rest of the apparatus is a black metal shield (S) which 
allows the S to view only that part of the equipment which is visible through the rectangular 
aperture (A) (1} X 14 in.). (Early in the experiment ‘scalloping’ was provided for the two 
sides of the aperture in order to eliminate the possibility that a straight reference line at either 
end of the excursion might serve as a cue for ‘lining up’ the needles.) The mechanism holding 
the needles and for moving them is directly behind the shield. A metal frame (FR) is fastened 
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in an upright position on a metal platform (P), the platform being supported in front by a metal 
rod which slides in two pillow blocks, and behind by a small metal wheel which rolls along a 
metal runway (R). A metal block is fastened to the top of the frame by means of a set screw. 
The block holds the stationary needle (SN) at a distance of 9.5 in. (9.75 in. in some of the early 
experiments) from the lens in the front of the filter box. ‘The needle has a diameter of 0.025 in. 
and subtends a visual angle of 9 min. 

Directly below the stationary needle and separated from it by 0.008 in. is a movable needle 
(MN), of diameter equal to that of the stationary needle. This needle is set into a square rod 
which slides over the bottom of the frame. The square rod fits into square holes in two metal 
blocks also fastened to the platform. ‘The movement of the rods through the holes is a smooth 
one in a plane parallel to the principal line of sight. A ball soldered to one end of the square rod 
is made to bear firmly by means of a spring against a micrometer. Movements of the microm- 
eter, held in place by a pillow block, cause the movable needle to be displaced toward or farther 
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Fic. 2. Isometric diagram of the apparatus used to measure the precision of monocular 


movement parallax settings. The parts have been separated for the sake of clarity. Explana- 
tion in text. 


away from the S by measurable amounts, determinable to a thousandth of an inch. The subject 
manipulates the micrometer by turning a knob, movements of which are transmitted to a flexible 
cable (FC) by means of two gears and a chain belt; the flexible cable is connected with the 
micrometer. 

The platform holding both stimulus needles moves laterally. One end of the cylindrical 
rod supporting the platform is held against a cardioid cam (C) by means of a steel tension spring 
(SP). A roller is set into a slot in the end of the rod to reduce friction between the rod and 
cam. The cardioid cam was carefully constructed to give a total excursion of the needles of 
about two inches at a constant speed except at either end of the excursion where the direction is 
changing. Only the linear part of the excursion is visible through the aperture (A) throughout 
the entire experiment. The cam is mounted on a shaft turned by a chain drive (D) from a 
1/15 h.p. motor running on 110 volts D.C. Interposed between the motor and the drive mech- 
anism is a series of pulley wheels, choice of any one of which allows for one of four different speeds 
of movement of the cam, and, consequently, of the stimulus needles. ‘The speeds of movement 
of the stimulus needles have been calibrated by means of kymographic records of the slowest 
movement, the other speeds being calculated from the ratio of the time per cycle at each speed 
to the time per cycle at the slowest speed. To the S, the needles appeared to make an oscillatory 
movement back and forth across the field. At either end of the excursion, the needles disappeared 
behind the shield for a moment as the direction of motion changed. 
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Illumination of the stimulus field is provided by a light box (LB) placed directly behind the 
platform holding the stimulus needles. The box is faced with an opal glass screen (64 X 4 in.) 
lighted from behind by a tungsten bulb run on direct current. The diffusely illuminated surface 
provided 100 millilamberts, as measured by a Macbeth illuminometer, when the lamp voltage 
was adjusted to 7.5 volts. 

The S sat inside a light-tight cubicle. The metal tube and the knob for manipulating the 
micrometer were inside the cubicle, while the rest of the apparatus was placed outside. Thus 
the £ could read the micrometer and make all necessary adjustments of the apparatus without 
interfering with the S. 


PROCEDURE 


The general procedure used in these experiments was to obtain a variability measure, the 
standard deviation of ‘equality’ settings for the movable needle, as a measure of 5;. The varia- 
bility measure (6, = SD) was used in the calculation of the differential angular velocity, w,, 
existing between the movement of the two needles at threshold. 

The S sat in the dark room and was allowed to dark-adapt for a period the length of which 
was dependent on the particular problem being investigated. Following dark adaptation, the 
S was instructed to look through the viewing tube and to turn the knob connected to the microm- 
eter so as to set the movable needle in such a position that it appeared to be at a distance equal 
to the distance of the stationary needle or so that no movement parallax was perceptible. Two 
types of judgment were encountered in the experiments; some Ss were unable to discriminate 
the effect of parallax as a spatial difference, while others reported that they could and did. This 
problem will be discussed in a later section. 

The S fixated and followed the needles with his eye, thus maintaining foveal fixation. 
Table I is a summary of the results of a control experiment on the effects of fixation conditions 


TABLE I 


EFFeEctT OF FIXATION 


Standard deviations of settings (6:) are presented for two fixation conditions: fixation on 
the moving needles and fixation when the eye regards a stationary point in the center of the field. 
Two sessions under the former condition. Needle diameter = 0.025 in. Data in inches. 











eee Fixation on Fixation on Fixation on 

Subject Moving Needles Spot: I Spot: II 
RZ 0.011 0.028 0.055 
HB .009 .022 .056 
WA O15 .055 .059 
AR .O17 .082 .078 














made with. four Ss at a brightness of 100 millilamberts and a needle movement of about seven 
degrees per second. The table shows that the threshold, indicated by the standard deviation, 
is two to five times higher with constant fixation in the center of the visual field than when the 
eye was allowed to follow the needles. A second session under constant fixation conditions did 
not show an improvement in the thresholds and, therefore, it was concluded that the differences 
obtained in the first session were not due to the greater practice of the Ss under ‘following’ 
conditions. 

The S made 20 settings for each experimental condition, the E displacing the movable needle 
between settings. Since it was found possible to influence the average of settings by the direc- 
tion and extent of displacement of the movable needle by the E£, care was taken to set the needle 
at various distances from the true equation point and on both sides of it. For each 20 settings 
the mean and the standard deviation of setting were calculated. 

A preliminary experiment showed that the standard deviation obtained from 20 settings 
was the same as one obtained from a larger sampling of settings. Each of two Ss made 75 settings 
in each of two experimental sessions. Illumination was 100 millilamberts and the needle move- 
ment occurred at the relatively slow speed of about seven degrees per second. ‘The standard 
deviation was calculated for the first 10 settings, for the first 15, 20, and so on in steps of five 
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up to the full 75 readings. In both sessions with each S it was found that the SD obtained from 
the first 20 settings did not vary from the average of the 14 SD’s obtained in each session by 
more than one standard deviation about the mean SD. Therefore, we have adopted the prac- 
tice of considering the SD of 20 settings as a stable measure of threshold. 

Prior to each experimental session several calibration checks were made. The speed of 
movement of the needles was calculated from the average time per cycle of the cardioid cam. 
‘Three measurements with a stopwatch were made of the time required for 10 cycles, the average 
of the three measurements divided by 10 being taken as the time per cycle. The ‘true’ equation 
point for the needles was found for each day’s readings for each S from the average of 10 coinci- 
dence acuity settings made by the £ through a viewing tube with artificial pupil (three mm. 
diameter) permanently set up in such a way that the £’s line of sight through the stationary 
needle and the center of the artificial pupil was perpendicular to the S’s principal line of sight 
through the apparatus. The acuity settings were made from a distance of about eight in. against 
an illuminated background of 100 millilamberts. 

Considerable care was taken that the two needles should both lie on a single line of sight 
when placed in the middle of the visual field. This was accomplished by the £, who looked 
through another tube which could be swung into place in the position of the light souree. The 
E sighted through the exit pupil of the tube and lined up the center of the lens and the center of 
the aperture in the shield. After this procedure was accomplished, E set the movable platform 
so that the lower needle, set for ‘equation,’ coincided with the center of the aperture, as marked 
on the back of the shield. Then the upper needle was adjusted so that it was directly above 
the lower needle within the limits of coincidence acuity of the E. This adjustment was checked 
by the S who looked through his tube, and if S and E did not agree, further adjustments were 
made until agreement was reached. In addition to the check mentioned above, the S was asked 
to report if the lower needle remained aligned with the upper stationary needle as the movable 
needle was moved nearer and farther from him, the platform being held stationary. 

A total of 10 Ss was used in all experiments.! All Ss had normal vision or vision corrected 
tonormal. No S had any outstanding astigmatic defects that could be shown from a preliminary 
examination with a standard clinical chart. Of the 10 Ss, five (CG, HB, MS, JA, and CM) 
reported that they could clearly discriminate the spatial characteristics of the movement, while 
the rest (RZ, AR, WA, SV, and VL) reported that they made their settings on the basis of coin- 
cidence acuity and the recognition of the difference in speed of the two needles as they moved 
across the field. 


EXPERIMENTAL INVESTIGATIONS 


Differences in Diameter of Needles 


Objects of the same dimensions placed at different distances from the 
eye subtend different visual angles. This difference in visual angle is a cue 
to space perception and is unavoidable in our experimental situation where 
the movable needle must be placed at different distances from the S’s eye 
during the course of a setting. In order to test the influence of differences 
in visual angle subtended by the needles, we have observed the effect of 
three different sizes of stationary needle on the determination of thresholds. 
If a setting is made or greatly influenced by differences in the visual angles 
subtended by the stimuli, we should expect the mean of settings for equality 
to be displaced toward the position where the standard and variable needle 
subtend equal visual angles. 

Fig. 3 shows the results of a test made with three Ss (AR, RZ, and WA) 
at an illumination of 100 millilamberts and with needles moving at a rate 


1 We are indebted to the following Ss for results obtained in many hours of tedious experi- 
mentation: Misses Anne M. Ritter, Wilma E. Artus, Susan Vitan, Carmen Miller; Mrs. Mar- 
guerite R. Smith; Messrs. Joseph J. Antonitis, Howard D. Baker; and Rev. Richard T. Zegers, 
S.J. We also wish to thank Mr. Baker for his considerable help in the construction and design 
of several parts of the equipment. 
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of seven degrees per sec. A theoretical curve has been drawn showing the 
average setting that would be predicted had the judgments been made on 
the basis of equality of visual angle. The obtained curve is a straight line 
with a slope of zero and does not conform to the predictions made when 
visual angle is considered the cue for the judgments. The actual data, 
presented in Table II, show no tendency for the mean of settings to vary 
with the size of the stationary needle. Precision of settings, in terms of 6,, 
is only slightly poorer for needles of unequal size. 





12r- 
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Fic. 3. Distance of setting of the movable needle as a function of the diameter of the 
stationary needle. The stationary needle was at a distance of 9.75 inches from the eye. The 
curved line represents the theoretically expected curve for settings made on the basis of visual 
angle. The horizontal line is the experimentally obtained curve for judgments made on the 
basis of distance of the stationary needle. 


TABLE II 


Errect or Size or NEEDLES 


Average distances of setting for movable needle (diameter = 0.025 inch) are presented for 
three diameters of stationary needle; also the 6; values (in inches). The stationary needle was 
at a distance of 9.75 inches. The distances at which the movable needle subtends a visual angle 
equal to that of the stationary needle are given in the last column. Rate of needle movement = 
7 degrees per second. Brightness = 100 millilamberts. w, may be calculated from 6 values 
by equation (9). Data are averages for three subjects (RZ, WA and AR). 











Diameter Average Distance Average Distance for Visual 
of Needle of Setting in Precision Angle Equal to 
in Inches Inches of Setting Stationary Needle 
0.021 9.76 0.025 11.61 
.025 9.76 O15 9.75 
033 9.76 O21 7.39 














Intensity of Illumination 


It has been repeatedly observed that many visual phenomena; 
e.g., intensity discrimination and visual acuity (Hecht, 3; Shlaer, 5), 
vary systematically with changes in illumination, and it is of interest 
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we 


to investigate the dependence of w,; on this variable. Wratten neutral 
tint filters were used to control intensity. Each of four Ss (one 
tested twice) gave values (each based on a series of 20 settings) at 
14 different intensities varying from log J equals —2.3 to log J equals 
2.0. (Intensities are in millilamberts.) 

The Ss were dark adapted for 10 min. before the determinations 
at the lowest intensity. This period of time is sufficient for cone 
vision.” After the initial period of dark adaptation, the Ss were light 


TABLE III 
Errect oF Intensity oF ILLUMINATION 
Log w; values are presented for each of four Ss (one used twice) for each of 14 intensity 
levels. The average log w; appears in the last column. 6; (in in.) may be calculated by equation 


(9). [For these conditions log w; — 3.441 = log 5;.] Rate of needle movement = 7 degrees per 
sec. Needle diameter = 0.025 in. 














Log wet 
Log I = Sanaiediateaaail 
VL CG WA (1) WA (2) JA Average 
— 2.3 2.55 2.46 2.64 2.41 — 2.51 
— 2.0 2.45 2.60 2.55 2.48 2.22 2.46 
—1.6 1.21 2.02 2.62 2.84 2.17 2.27 
—1.3 2.02 2.00 2.57 2.39 1.97 2.19 
—1.0 1.78 1.96 2.22 3.33 2.07 2.05 
—0.6 1.76 1.62 2.14 1.82 1.76 1.72 
—0.3 1.83 1.71 2.37 2.00 1.62 1.90 
0.0 1.48 1.92 1.95 1.93 1.65 1.79 
0.4 1.87 1.48 1.48 1.92 1.87 1.63 
0.7 1.67 1.76 1.78 2.28 1.70 1.84 
1.0 1.62 1.92 1.84 2.01 1.34 1.55 
1.4 1.62 1.80 1.95 2.12 1.56 1.78 
1.7 1.52 1.62 1.80 1.87 1.65 1.73 
2.0 1.89 1.62 1.70 2.12 1.52 1.81 























adapted for two min. to each new and higher intensity before readings 
were made. Increments in intensity were in steps of approximately 
0.3 log unit. All Ss used the bracketing method of setting, and w, 
values were obtained for each intensity level for each S. 

Table III presents the experimental data. Since it was found 
that threshold differential angular velocity was distributed normally 
on a logarithmic scale, average log w; values are given in the table. 
Fig. 4 represents the data graphically. ‘Table III shows that there 


2 The following test demonstrated that the lowest level (log J = —2.3) involved cone vision 
primarily. The opal glass source of illumination was viewed through a red filter (Wratten 
No. 70) and, by means of neutral tint filters, the illumination was reduced until no color was 
observable. The brightness of the red light was calculated for the color threshold on the basis 
of data obtained from a heterochromatic match made at a high intensity. The value of white 
light for which the needles (not moving) were just imperceptible was also determined and com- 
pared with the value of the red light for color threshold. The values of the two, in millilamberts, 
were quite similar, the color threshold being at log ] = —2.4, and needle imperceptibility 
occurring at log ] = —2.6. 
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is considerable variability from S to S and considerable scatter for 
the same Ss. Nevertheless, the curve drawn through the average 
data indicates that, in general, log w,; decreases with an increase in 
log J. ‘The rate of decrease is rapid at low intensities, but the curve 
approaches an asymptote of log w, equal to about 1.7 for intensities 
above 100 millilamberts. ‘The total change in log a; is approximately 
0.8 log unit over the range of intensities used. The horizontal part 
of the curve, to the left, is drawn on the assumption that a limiting 
w, is reached at intensities below about log J = —1.75. ‘This thres- 
hold may correspond to the threshold given by chance adjustments 
in the absence of effective visual stimulation. It is probable that 
needles of larger diameters would show a lower intensity threshold, 
since they could be seen at lower illuminations. This question is 
worth study. 

















LOG I 


Fic. 4. Log differential angular velocity, w;, in seconds per second, as a function of log 
intensity level in millilamberts. Each point on the curve represents the average log uw; for four 
subjects, one used twice. 


It is interesting that two of the Ss, CG and JA, reported that 
they used the parallax cue, while the others, WA and VL, used a 
coincidence cue. It is certain that the different modes of observa- 
tion did not produce different types of result. All the data seem to 
fall along similar log a, vs. log J curves. 

The curve fitted to the data as a first approximate description is 
Hecht’s intensity discrimination curve (3): 


I 2 
eclr+ anf, (10) 


where c and K are constants; AJ, the discriminable increment in 
intensity; and /, the adapting intensity. Log w; has been set equal 
to log AJ/I. This type of treatment implies that, in order to dis- 
criminate a threshold parallax, a threshold rate of separation w, is 
required, which, in a given small constant interval, dt, will allow a 
discriminable angular separation, d(A@), to appear between the lines 
of sight to the needles, each of which provides its diffraction pattern 
on the retina. <A small difference, d(A@), is required before a differ- 
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ential diffraction pattern may be set up to signal the existence of 
monocular movement parallax. ‘hus, w,; becomes a measure of dif- 
ference in diffraction intensities and provides a AJ seen against the 
general illumination, 7. Further work, based on this analysis, must 
be carried out. 


Rate of Movement 


A. A series of experiments was concerned with the influence of 
rate of movement of the needles (hence, also the period of back and 
forth movement) on a. By means of pulley wheel combinations and 


TABLE IV 
Errect oF Rate oF MoveMeNT 
The standard deviation (= 6;) and log a; (in sec. per sec.) for various rates of movement of 
the stimulus needles for each of the four Ss used. Data for AR and RZ are averages for two 


sessions, while those for CG and HB are based on one experimental session. Brightness = 100 
millilamberts. Needle diameter = 0.025 in. 

















Subject agar om in ia, on ait. 

0.0946 0.0155 1.50 

1213 O145 1.58 

AR .1769 O145 1.75 
.2400 .0200 2.02 

3183 0195 2.13 

-1247 .0180 1.69 

RZ | .2011 0195 1.93 
.2600 -O190 2.03 

3259 .O170 2.08 

.O941 -O155 1.50 

.1279 .O148 1.62 

Os 1751 0164 1.79 
.2803 .0160 1.99 

3441 .O147 2.04 

.Oo8g1 .0098 1.28 

.1279 .0o61 1.23 

HB .2079 .0059 1.43 
.2935 0079 1.70 

-3564 OOS! 1.60 














the reduction of voltage across the motor, it was possible to obtain 
rates of movement of the needles ranging from 0.09 radian per sec. 
to 0.35 radian per sec. (The latter values, when multiplied by 57.3, 
give rates of movement in degrees per sec., 5.16 and 20.0, respec- 
tively.) Using five rates within this range we investigated the influ- 
ence of rate with four Ss. Two Ss observed in four experimental 
sessions, at an illumination brightness of 100 millilamberts, each rate 
being presented twice; thus each w; value was based upon 40 settings. 
The different rates were presented once in ascending order and once 
in descending order. The other two Ss made 20 settings at each 
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rate; one S made settings in an ascending order, the other, in de- 
scending order. 

‘Table IV presents the data of the experiment. It presents (a) the 
rate at which the needles were moving in radians per sec., (b) the 
standard deviation of settings (= 6,), and (c) log w, calculated from 
(a) and (b) in sec. of arc per sec. by equation (11). Each datum for 
Ss AR and RZ is based on 40 settings, while each datum for CG and 
HB is based on 20. 

lig. 5 shows log threshold differential angular velocity in sec. of 
arc per sec. (log w,) as a function of rate of movement of the needles 
in radians per sec. ‘The data for individual Ss are shown separately, 














0-1 02 03 
RATE 


Fic. 5. Log w, as a function of rate of movement of the stimulus needles. Data for indi- 
vidual subjects are indicated by different symbols; the individual curves have been moved along 
the ordinate axis as follows: CG, raised 0.04 log unit; AR, raised 0.02 log unit; HB, raised 0.42 
log unit. 


each S being represented by a different symbol. Each individual 
curve has been raised or lowered an appropriate amount along the 
ordinate axis for the best agreement with the curve of subject RZ, 
and a composite curve has been drawn through all the data. 

The curve in Fig. 5 shows that log a; increases with increase in 
rate of movement of the stimulus needles. The curve is negatively 
accelerated and appears to be approaching an asymptote for rates 
greater than 0.35 radian per sec. A threefold change in rate is seen 
to result in a 0.5 log unit increase in log w,, which means that w,; 
increases by a factor of about three. All Ss showed the same relative 
amount of change in w; over the range of movements, although abso- 
lute values differed. It is necessary to point out that RZ and AR 
reported that they used needle coincidence as a cue for making their 


~~lOereetllCUf 


O¢c¢ & = = hu h6m}FhlUC St CU 


THRESHOLDS FOR MONOCULAR MOVEMENT PARALLAX 217 


settings. CG and HB used the parallax space cue. As shown in 
Fig. 5, different cues do not result in different shapes of curves. 

B. With our apparatus, any change in rate of the stimulus needles 
is accompanied by a change (a) in the frequency with which they 
cross the visual field and (b) the duration of each exposure; that is, 
in general, the period of movement changes. ‘Two control experi- 
ments were carried out to ascertain the influence of these factors on 
the relation between log a, and rate of movement. One highly 
trained S, HB (who used the parallax cue), was employed in both 
experiments and only the extremes of the range of rates were tested. 
The level of illumination was the same as in the previous experiments 
(100 millilamberts). 


In order to test the effect of frequency of exposure, the S was given one 
exposure of the stimulus field every 15 sec. and was required to report after 
each exposure whether or not the needles appeared to be in the same plane. 
Before each exposure the FE set the movable needle at one of five positions 
in random order. [The needle settings covered two standard deviations 
(as obtained for subject HB in previous experiments) on either side of the 
objective equation point.] Twenty discriminations were made at each 
position. Between exposures a white cardboard was placed directly in 
front of the needles so that only one excursion from left to right was visible 
for any one exposure. The cardboard was illuminated by two auxiliary 
light bulbs which maintained the S’s level of adaptation between exposures 
at 100 millilamberts. Since the white cardboard was in nearly the same 
plane as the stimulus needles, accommodation was maintained at the dis- 
tance of the needles throughout the experiments. 


The integral distribution curve of positive responses for a rate of 
0.098 radian per sec. yielded a 6, (= SD) of 0.009 and a corresponding 
w, of 18.2. A 6 of 0.012 was obtained for a rate of 0.32 radian per 
sec., making w; equal to 83.2. Thus, in this experiment the threshold 
w; increased by a factor of 4.5 for a threefold change in rate. ‘This is 
to be contrasted with the earlier experiment of 4, when a threefold 
change in rate resulted in about a threefold change in a. 

Duration of any given exposure is dependent upon the rate of 
movement and the width of the aperture through which the needles 
are viewed. By restricting the aperture to one-third of its original 
width it was possible to equate the duration of exposures for the fast 
and slow rates. Under conditions of the constant stimulus method 
used as above, subject HB made another 100 responses with the 
restricted visual field and the stimulus needles moving at 0.098 radian 
per sec. <A 6; value of 0.021 was obtained; this corresponds to a wy 
value of 42.7. This value is more than twice that obtained with the 
unrestricted field at the slow rate (18.2) and is 51 percent of the value 
of w, (83.2) found for equal durations of exposure but with the needles 
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moving three times faster. ‘Thus with durations equal, threshold w, 
doubles with a threefold increase in rate. When both rate and dura- 
tion vary, w; increases, at the higher speed, to 4.5 times its value at 
the low speed. It should be noted that restricting the field to one- 
third of its original size reduced the maximum momentary value of 
A@ during an excursion to one-third. That is to say, for the slow 
speed and full field, the angular separation of the needles, A@, at the 
end of the excursion is 39 min. from a coincidence alignment when 
one needle is 0.010 in. farther away from the eye than the other; but, 
when the length of excursion is reduced to one-third of its original 
value, the momentary angular separation, A@, is only 13 min. at the 
ends of the excursion. The fact that 6, was doubled with restriction 
of the excursion suggests that the limitations put on the use of a 
coincidence ‘lining up’ by such a restriction might be important. 

Certainly, further experiments should be carried out on the analy- 
sis of the factors considered above. One would like to know, for 
example, whether the poorer thresholds at higher rates are due to 
imperfect following of the needles by the eye, or whether they are 
due to retinal activities to be correlated with the rapid movement of 
the needles. 

Axis of Movement 


Tschermak (6), in an earlier investigation, noted that axis of movement 
was an important variable in monocular movement parallax and we, too, 
have examined influences due to this factor. An eyepiece, with artificial 
pupil of three mm. diameter and holding a Dove prism, was substituted for 
the eyepiece of the previous experiments; rotation of the Dove prism 
allowed for any desired rotation of the axis of movement. In order to 
determine the (zero angle) position of the Dove prism for which the stimulus 
needles appeared vertical, we calibrated prism rotation against a plumb-line 
with attached bob. The plumb-line was reflected into the observer’s eye 
from a distance of about two feet by means of a thin glass plate, so set that 
the axis of rotation for reflection was parallel to the plumb-line. It was 
possible to look through the reflecting plate at the needles and see them and 
the plumb-line simultaneously. The setting of zero for the Dove prism 


was found for that position for which the plumb-line and needles appeared : 


superimposed, This setting gave the prism position for a movement axis 
of zero degrees, i.e., horizontal movement of the needles across the field. 
(The needles are, of course, oriented at 90 degrees to the axis of movement. ) 
A change in axis from 0° to 180° means that the movement remains in the 
horizontal plane but with the stationary needle in the lower part of the field 
(at 180°) rather than the upper. From 0° to go° the stationary needle is 
in the upper part of the field; from go° to 180°, it is in the lower part of the 
field; from 180° to 270°, it remains in the lower part of the field; and from 
270° to 360°, it appears on top. Axis of movement is indicated from the 
zero degree position in a counterclockwise direction. A pointer soldered to 
the eyepiece indicated prism position on a protractor. - 














THRESHOLDS FOR MONOCULAR MOVEMENT PARALLAX 219 


Three Ss were used. Each received practice on the 90° (vertical) and 
three other axes of movement selected at random. Each S made 60 settings 
for each axis of movement. In each experimental session, 20 readings were 
made for each of 12 axes of movement spaced at intervals of 30°. Subject 
MS began the session with the needles moving on an axis of zero; subject 
SV started with the needles moving on an axis of 240°; and subject CM 
started with the needles moving on an axis of 120°. Rotation of the visual 
field was in a clockwise direction through 360°. 


TABLE V 
Errect or Axis oF MoveMENT 


Log w; for settings made with the stimulus needles moving along 12 different axes. Data 
are based on 20 settings at each position and for three Ss. Brightness = 100 millilamberts. 
5, may be calculated by equation (9). Computations of 5; as in Table III. Needle diameter 
= 0.025 in. 












































Log wt 
Axis of Movement scinaiednetettitieeanimaninimneass 
in Degrees 
MS CM SV | Average 
fe) 1.53 1.32 1.73 | 1.52 
30 1.46 1.22 2.02 1.57 
60 1.55 1.47 1.98 1.67 
go 1.48 1.50 2.02 1.67 
120 1.64 1.55 2.17 1.79 
150 1.65 1.61 2.00 1.75 
180 1.51 1.34 1.93 1.59 
210 1.58 1.48 1.97 1.68 
240 1.75 1.64 2.03 1.81 
270 1.50 1.59 2.26 1.78 
300 1.63 1.53 2.11 1.76 
330 1.61 1.51 1.71 1.61 
'30 F- 

x ® 
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AXIS OF MOVEMENT 


Fic. 6. Log a, as a function of axis of movement. Average data for 
three subjects are presented. 


Table V presents the average experimental data for the three Ss, 
two of whom (MS and CM) used the parallax cue, while the other, 
SV, used the coincidence cue. Fig. 6 represents average log w; as a 
function of the axis of movement. The curve shows that when the 
axis of movement is horizontal, log w; is at a minimum, while the 
maximum values of log w, are found when the axis of movement is 
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vertical. For axes of movement between the horizontal and vertical, 
the values of log w, become greater as the axis of movement ap- 
proaches the vertical and decline as it returns to the horizontal. 
Day to day and S to S variability is quite large, but the log w,; vs. 
axis plot for each subject is similar to the average curve. Sto S 
differences appear as parameters setting the ordinate position of 
experimental points. 

‘Tschermak (6) reports that monocular movement parallax thresh- 
olds are smaller for horizontal movement than for vertical. He found 
that the variation in settings, for stimuli at a distance of 21 cm., was 
0.8 mm. for horizontal head movements. ‘This value is equal to 
0.032 in. and is to be compared with the values for our Ss (0.008 to 
0.031 in.) obtained with horizontal movement at a distance approxi- 
mately equal (24 cm.) to that used by Tschermak. For stimuli 
viewed at a distance of 40 cm. and under conditions of vertical head 
movement, the variations of settings in schermak’s experiment 
ranged from five to nine mm. (0.2 to 0.35 in.). If now, the 6; values 
of the latter experiment are corrected to a distance of 20 cm., they 
are reduced to one-fourth their value and become 0.05 to 0.09 in. 
The range of T’schermak’s values estimated in this way is comparable 
to the range of values in our experiment (0.011 to 0.065 in.) obtained 
at a viewing distance of 24 cm. and with vertical eye movements. 
Our findings thus substantiate schermak’s conclusions that the 
monocular movement parallax threshold is smaller for a horizontal 
axis of movement than for a vertical. 

It seems possible that the different threshold values for monocular 
movement parallax in various axes may be a function of the effective- 
ness of action of particular muscle pairs controlling the various axial 
movements. Another possible explanation may be in terms of retinal 
gradients whereby the number of cones per unit area varies in differ- 
ent manners along different foveal-peripheral axes. 


DIscUSSION 


The results of our experiments indicate that space perception 
based on monocular movement parallax is little influenced by differ- 
ences in visual angle of the objects. Monocular movement parallax 
thresholds are lowest for relatively high illuminations (100 millilam- 
berts); they are influenced by the rate of movement of the objects; 
and they are lowest for movements along a vertical axis rather than 
along a horizontal axis. The preliminary nature of this research does 
not permit us to formulate any theoretical explanation for the results, 
but several comments and speculations may be made concerning 
them. 
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The cues used by the Ss in our experiments were of two classes: 
one, a coincidence ‘lining up’ of the objects, and the other, a dis- 
crimination based on the tridimensional appearance of the moving 
objects. We have shown that these judgments do not depend upon 
the relative sizes of the objects and we feel quite sure that no non- 
visual cues determined the Ss’ responses. ‘The use of the method of 
bracketing might conceivably involve kinesthetic cues, but three lines 
of evidence lead us to believe that this was not true. In the first 
place, the knob used to set the micrometer was not rigid and the 
amount of play involved would seem to make kinesthetic cues useless. 
In addition, it was found that settings made on the basis of kinesthetic 
cues alone, when the light in the apparatus was turned out, were very 
inaccurate and inconsistent. And finally, it was seen that the con- 
stant stimulus method used in two experiments yielded results similar 
to those obtained with the bracketing method. 

The task involved in these experiments differed in its perceptual 
aspects among our Ss._ Five of the Ss (CG, HB, JA, MS, and CM) 
stated that they received a true three dimensional impression when 
the two needles, at different distances, moved across the field. The 
movable needle, when not in the same plane as the stationary needle, 
appeared to describe a V-shaped figure, the direction of the vertex 
depending upon which side of the stationary needle the movable 
needle was placed. An impression of greater difference in distance 
was obtained at the two ends of the excursion, while in the center the 
needles appeared in the same plane. The other Ss saw no such 
phenomenon, although they reported that when the needles were not 
in the same plane, one appeared to approach the center of the field 
and then recede faster than the other. Also they noted that the 
needles did not appear one above the other except in the center of the 
field when the needles were at different distances. The latter group 
of Ss made settings in such a manner that the needles appeared to 
move across the field at the same rate of speed and with one always 
above the other, even at the extremes of the excursion where angular 
deviations are the greatest. ‘Those Ss who saw the stimuli in three’ 
dimensional space adjusted the needles so that neither appeared to 
move out of a single plane throughout the excursion. 

In each of the experiments both types of Ss were used and in all 
cases the results are similar in spite of perceptual differences. Since 
the results of all the Ss are comparable, it is reasonable to assume 
that the primary cues are the same for the two groups, perhaps 
coincidence acuities based on retinal diffraction patterns. 

As a preliminary attempt to describe the data for log w; as a func- 
tion of illumination, we have employed Hecht’s (3) photochemical 
theory of vision. In our experiment, the diffraction patterns made 
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by the needles separated as they passed across the retina, the rate of 
separation depending on the difference in distance of the needles. 
It is assumed that a threshold rate of separation is required in order 
that intensity differences between the needles and the background 
may be perceived. ‘This threshold rate should remain constant at 
any given intensity, but, as the level of illumination changes, it should 
vary in accordance with intensity discrimination principles. 

The results of varying rates of movement are complex. Effects 
of varying duration of exposure and length of excursion must be 
examined before a basis for interpretation may be reached. 

Our investigation of the effect of the axis of movement upon 
threshold differential angular velocity shows that the threshold for 
vertical movement is approximately twice that for horizontal move- 
ment, a difference compatible with that found by Tschermak (6) 
when corrections are made for his different viewing distances. We 
have no experimental data to explain this finding, but we suggest 
that it may be attributed to (a) the differences in efficiencies of 
various muscle pairs, or (b) the differences in sensitivity to movement 
of different retinal axes. 

We have been unable to observe any systematic variations in the 
constant error of settings during the experiments. Differences be- 
tween the average setting and the ‘true’ setting (as determined by 
the £) did occur to the extent of a few thousandths of an inch. 
However, the difference might on one day be positive and on the 
next day, negative. For example, an average of 17 determinations 
on five Ss under comparable conditions gives a constant error of 
—0.0025, in.; of the 17 values, 7 are positive and Io negative. In 
no case was the average constant error more than one-third the 
average 6, for a given S. 


SUMMARY 


1. This experiment has been concerned with certain quantitative 
aspects of monocular movement parallax. The effects of the follow- 
ing variables on monocular movement parallax measures have been 
determined: (a) differences in size of moving objects, (b) intensity of 
illumination, (c) rate of movement of objects, and (d) axis of move- 
ment of objects. ‘Ten practiced Ss were used. 

2. A theoretical discussion has been given of the geometry of 
monocular movement parallax when the S is stationary and the 
viewed objects are moving. An expression has been derived for the 
analysis of precision data in terms of the differential angular velocity 
of two objects moving at equal speeds but at different distances from 
the observer. Threshold differential angular velocity has been desig- 
nated as aw. 
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3. The apparatus used in the experiment consists of equipment 
whereby measurement may be made of the precision of distance 
settings (6,) of two needles, one above the other, moving at constant 
and equal speeds back and forth across an illuminated field. The 
data obtained consist of variability (SD = 6,) measures of threshold 
obtained from units of 20 settings; these data have been used in the 
calculation of w; [see equation (9)]. 

4. The results of an experiment on the effect of differences in size 
of the stimulus needles indicate that the settings are made on the 
basis of distance cues other than visual angle. 

5. Log w, decreases with increase in the logarithm of the intensity 
of illumination over the cone range. ‘The decrease is rapid at low 
intensities and then becomes more gradual. A final, low constant 
level of w; is reached at high intensities (about 100 millilamberts). 
Hecht’s intensity discrimination curve is applied to the data. 

6. A threefold increase in rate of movement of the needles was 
seen to increase w, by a factor of three. Control experiments indicate 
that the increase in w, at the higher rates is not due to the greater 
frequency of exposures at these rates, but that either or both duration 
of exposure and length of excursion are important variables. 

7. w,is about twice as large for movements along the vertical axis 
as for movements along the horizontal axis. w,; assumes intermediate 
values for axes lying between the horizontal and the vertical. 

8. Discussions of many aspects of the research are presented under 
the appropriate treatments of experimental data. 


(Manuscript received June 18, 1947) 
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TASK-ORIENTATION AND EGO-ORIENTATION AS 
FACTORS IN REMINISCENCE 


BY THELMA G. ALPER 


Harvard University 


Although reminiscence is now a well established phenomenon of 
memory,! the conditions giving rise to reminiscence have not been 
clearly established. Some investigators find a memory increment 
(reminiscence) when the recall of incompletely learned material is 
measured some time after the original learning; others, using seem- 
ingly not too different techniques, do not. Current theories of 
reminiscence (4, 13, 15, 17), moreover, cannot explain this ‘now-you- 
see-it-now-you-don’t character of reminiscence research’ (4, p. 337). 

A learning and retention study reported by Alper (2) in 1946, 
although not designed to investigate reminiscence as such, introduced 
parameters which seem to be important for reminiscence, as well as 
for other aspects of learning and retention. ‘These parameters were 
termed task-ortentation and ego-orientation, respectively. An S is said 
to be task-oriented if the experimental instructions stress the task, 
or work to be done, rather than S’s performance on that task. An 
S is said to be ego-oriented if the experimental instructions stress 
S’s ability to perform on that task.? Task-oriented learning was 
found to be superior to task-oriented retention. Ego-oriented learn- 
ing, however, was not superior to ego-oriented retention. Further 
statistical analyses of these findings bearing on the problem of remi- 
niscence are presented in the present paper. 

These analyses indicate that ego-oriented retention differs from 
task-oriented retention 24 hours after learning in two important ways: 

! See Buxton (4) and McGeoch (15) for extensive reviews of the earlier literature in this field. 

2 Note that the term ‘task-orientation’ does not necessarily impiy ‘task-involvement.’ Nor 
does the term ‘ego-orientation’ necessarily imply ‘ego-involvement.’ In a friendly, casual, 
laboratory setting, £ intends to task-orient the S by an instruction such as, ‘I want to find out 
something about these materials; so try to learn the series.” £ does not thereby assure that 
ego-needs are not aroused, that the S is merely task-involved. Similarly, when E instructs the 
S, “This is an intelligence test,” E intends that ego-needs be aroused, that S feel that his self- 
esteem is being threatened and that he may be ‘shown up.’ But again, E’s intention does not 
assure that S will accept the instructions in this way, that ego-needs actually will be threatened, 
and hence that S will be ego-involved. The 4ufgabe does not automatically establish the mental! 
set intended by the E (cf. Alper, 2). Some Ss are ego-involved, regardless of E’s instructions, 
by virtue of the fact that the laboratory situation is itself an ego-threat. Other Ss can remain 
merely task-involved under these same circumstances. The orientation, not the involvement, 
therefore, is operationally determined by the nature of E’s instructions. The nature of the 


involvement, on the other hand, can be shown to be a function of the personality structure o! 
the individual rather than of the orientation alone (1). 
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(1) the ego-oriented S recalls new items not previously reproduced 
in the original learning situation, while the task-oriented S typically 
recalls no new items; and (2) the ego-oriented S shows only a neg- 
ligible loss of previously reproduced items, while the task-oriented S 
shows a significant memory decrement. In other words, reminis- 
cence, or the recall of new items, would seem to be a phenomenon of 
ego-oriented but not of task-oriented learning. A survey of earlier 
reminiscence studies in the light of these parameters helps to establish 
order in this otherwise unordered field. 


PROCEDURE 


The procedure for this experiment has been reported in detail elsewhere 
(2). Briefly, Siegel’s (19) 20-item series of nonsense syllables and three 
place digits was shown through twice to 40 Radcliffe undergraduates. Half 
of the Ss were told that the ability to learn the series would be used as a 
measure of their intelligence, and half were not. In addition, half of the 
first (ego-oriented) and half of the second (task-oriented) group were re- 
quired to write each item on a separate piece of paper while the item was 
being presented. The others were not given this instruction. Thus, 
10 ego-oriented Ss were ‘active’ during the two learning trials and 10 were 
‘inactive.’ Similarly, 10 task-oriented Ss were ‘active’ and 10 were ‘inac- 
tive.’ Following Jenkins’ (7) technique, half of the Ss in each subgroup 
served as Es (SE), and half as Ss (SS). The SS’s were explicitly told to 
learn the series. The SE’s were not told to do so. This subdivision had 
been introduced in the original experiment in order to test differences 
between incidental and intentional learning and memory under conditions 
of task- vs. ego-orientation. But since these parameters yielded no signifi- 
cant differences pertinent to the reminiscence data, the SE-SS subgroups 
have been retained in Tables I-V which follow, but are not separately 
discussed.® 

After the series had been presented through twice, all Ss were required 

to write down as many items of the series as they could remember. The 
number of items correctly reproduced at this time, Day I, was used as 
a measure of learning. An item was scored as correct if it was reproduced 
exactly, regardless of the serial order of recall. 
__ None of the Ss was told on Day I ihat there would be a recail test 24 
hours later on Day II, and there was no formal practice of the series between 
Day I and Day II. The number of items correctly recalled on Day II 
was used as a measure of retention. An item was scored as correctly 
recalled if it was recalled exactly, regardless of the serial order of recall. 

The standard conditions for testing for reminiscence by Ballard’s (3) 
test-retest technique obtained, therefore, in this experiment: the material 
was incompletely learned by all Ss; learning was tested in the learning 

3 Differences between the SE-SS subgroups may have been eliminated in this experiment 


by the tendency of SE’s to give themselves self-instructions to learn the series (2). Under such 
conditions, the classical conditions for incidental learning would not have pertained. 
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situation on Day I; retention was measured by a recall test after a ‘rest’ 


interval; and no formal practice intervened between the original learning 
trials and the recall test. 


All Ss were asked at the end of the experiment on Day II whether they 
had tended to rehearse the series during the 24 hour ‘rest’ interval. 


RESULTS 
Part I: The Role of Orientation in Reminiscence 


‘Traditionally, reminiscence has been measured by testing either 
the absolute differences or the percentage differences between the 
retention of incompletely learned material and the original reproduc- 
tion of this material. If the recall score of a given S is higher than 
his learning score, a positive retention difference score results. Such 
positive retention difference scores have been taken as evidence for 
reminiscence. 

The traditional type of analyses of the differences obtaining be- 
tween retention and learning scores in the present data is shown in 
‘Tables I-III, below. Separate analyses of memory loss, or the num- 
ber of items originally reproduced on Day I but not later recalled on 
Day II, and of memory gain, or the number of new items recalled on 
Day II which had not been reproduced on Day I, appear in Tables 
IV and V. 


The mean differences between total recall scores on Day II and 
































TABLE I 
Mean RETENTION DIFFERENCE Scores OF EACH OF THE E1GHT Groups or Ss 
Task-Orientation Ego-Orientation 
Active Inactive Active Inactive 
SE —2.1 —1.8 +o0.8 —0o.6 
SS —1.4 — 2.6 +0.2 —1.6 
Mean —1.8 —2.2 +0.5 —1 
TABLE II 


RETENTION DIFFERENCE ScoRES OF EcGo-oRIENTED Ss ANALYZED BY MEANS OF THE 
ANALYSIS OF VARIANCE TECHNIQUE 














Source of Variation d.f. | ened —, F P 
Total 19 58.2 
1. Activity-inactivity I 12.8 12.8 4.87 05 
2. SE-SS I 3.2 3-2 1.22 

Interaction I | & 
Error 16 42.0 2.63 
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TABLE III 


RETENTION DIFFERENCE Scores or TASK-ORIENTED Ss ANALYZED BY MEANS OF THI 
ANALYSIS OF VARIANCE TECHNIQUE 


Sum ot Mean 





Sy ce <¢ ft j ik 4 
Source of Variation d.t. | Squares Square I 
ry | 
lotal 19 | 30.0 
| | 
1. Activity-inactivity I 8 8 | 
2. SE-SS I 0.0 0.0 
Interaction I | 3.2 3.2 1.96 
Error 16 | 26.0 1.63 | 








TABLE IV 


Memory Loss: MEAN NuMBER OF IremMs REpRopUCED on Day I sut nor RECALLED ON 
Day II sy Eacn or tue Eicutr Groups or Ss 

















Task-Orientation -go-Orientation 
: 
Active | Inactive Active | Inactive 
7 — + «fe i 
SE 2.2 1.8 0.6 1.4 
SS 1.8 2.6 1.2 | 2.0 
Mean 2.0 2.2 0.9 1.7 





TABLE V 
Memory Gain: Mean NumBer or New Items REcALLED ON Day II 
BY EaAcH OF THE E1cut Groups or Ss 





Task-Orientation EK go-Orientation 








| 
Active Inactive | Active Inactive 











SE 0.0 | 0.0 1.4 0.8 
SS | 0.4 0.0 1.0 0.4 
Mean | 0.2 | 0.0 1.2 | 0.6 


total immediate reproduction scores on Day I are given for each 
group of Ss in Table I. These difference scores will be referred to 
as the retention difference scores. A negative retention difference 
score would indicate that retention on Day II was poorer than learn- 
ing on Day I. A positive score would indicate a memory gain on 
Day II. A score of zero would indicate that S recalled the same 
number of items on Day I and on Day II. 

The analysis of these retention difference scores, by means of the 
analysis of variance,‘ discloses only two statistically significant reten- 

* Clearly with material of this sort there is the possibility that the correlation between initial 
learning scores and later recall scores could be important. An analysis of covariance, however, 
showed no such relationship. ‘The regression coefficient was found to be .13. It was decided, 


therefore, to present the data in the simpler form of the analysis of the difference variances 
rather than in the form of covariance. 
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tion difference score relationships. (1) Ego-orientation yields sig- 
nificantly higher retention difference scores than task-orientation. 
The mean score for all ego-oriented Ss is —0.3 items; for all task- 
oriented Ss, —2.0. In other words, ego-oriented Ss tend to recall 
about as many items as they originally reproduced in the learning 
situation, while task-oriented Ss recall fewer items than they origi- 
nally reproduced. ‘The difference between ego-oriented and task- 
oriented retention difference scores is significant well beyond the .oo1 
level of confidence (F = 13.57, one degree of freedom). (2) Activity 
yields significantly higher retention difference scores than inactivity. 
‘The mean score for all active Ss is —0.65 items; for all inactive Ss, 
—1.65. ‘This difference is significant at the .o5 level of confidence 
(Ff = 4.70, one degree of freedom). Ego-orientation aids retention, 
then, and so does activity. 

Within the limits of this experiment, however, activity aids reten- 
tion only under conditions of ego-orientation. In Tables II and III, 
the data for ego-orientation and task-orientation are analyzed sepa- 
rately to show this fact. Retention difference scores of active ego- 
oriented Ss are significantly higher than those of inactive ego-oriented 
Ss. ‘lhe mean score for the active Ss is +0.5 items; for inactive Ss, 
—1.1. Active ego-oriented Ss, in other words, recall on the average 
more items than they originally reproduced, while inactive ego- 
oriented Ss recall on the average fewer items than they originally 
reproduced. This difference between active ego-oriented and inactive 
ego-oriented Ss is significant at the .o5 level of confidence (F = 4.87, 
‘Table II). Both active and inactive task-oriented Ss retain fewer 
items than they originally reproduced. The mean score for the 
former is —1.8 items; for the latter, —2.2. This difference is not 
statistically significant (cf. Table ITI). 

Although the analyses in Tables I-III leave no doubt concerning 
the advantages for retention of ego-orientation in general, and of 
active ego-orientation in particular, reminiscence data as such are 
not clearly partialed out. In fact, the traditional method of ana- 
lyzing retention data, as followed in Tables I-III, indicates the 
presence of reminiscence only for active ego-oriented Ss, since this 
group alone obtained a mean positive retention difference score. ‘This 
method of analyzing retention difference scores, however, confounds 
memory loss over a given period of time with memory gain over this 
same period of time. ‘Thus, while a positive difference score in 
Table I of necessity indicates the recall of new items not previously 
reproduced in the learning situation, a negative score indicates only 
that the total number of items recalled was less than the total number 
originally reproduced. <A score of zero, moreover, indicates merely 
that the same total number of items was recalled as was reproduced. 
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No differentiation is made between the recall of new and old items 
in this type of analysis. In order to determine, therefore, whether 
individual memory gains under any conditions of the experimental 
design have been counterbalanced by individual memory losses in 
such manner that an S’s total retention difference score would be 
zero, or even negative, retention difference scores must be broken 
down into memory loss of previously reproduced items and memory 
gain of new items. The term ‘reminiscence’ could then be limited 
to this latter more sensitive measure of memory gain, namely, the 
recall of new items not previously reproduced. ‘The term ‘forgetting’ 
has already been generally applied to the memory loss, or failure to 
recall previously reproduced items. 

To separate forgetting and reminiscence, the retention data of 
Table I were broken down as shown in Tables IV and V. Memory 
loss differences are analyzed in Table IV; memory gain, or reminis- 
cence, in Table V. 


Memory loss 


The memory loss data analyzed in Table IV involve only the 
absolute difference for each S between the number of items repro- 
duced on Day I and the recall of these same items on Day II. This 
analysis shows that ego-oriented Ss have a significantly smaller 
memory loss than task-oriented Ss. The mean loss of ego-oriented 
Ss was 1.3 items; for task-oriented Ss, 2.1 items. ‘This difference, 
when analyzed by means of the analysis of variance technique, 1s 
found to be significant at the .o5 level of confidence (F = 4.18, one 
degree of freedom). 

Moreover, whereas all task-oriented Ss show some memory loss 
on Day II, 35 percent of the ego-oriented Ss recall all of the items 
they originally reproduced on Day I and thus show no memory loss 
at all on Day II. This percentage difference between ego-oriented 
and task-oriented Ss is significant beyond the .o1 level of confidence.’ 
It is clear, therefore, that ego-oriented Ss are less likely than taske 
oriented Ss to show a memory loss after a 24 hour ‘rest’ interval- 
The relationship of this finding to the classical task-oriented Ebbing- 


haus (§) retention curve has already been discussed by Alper (2) 
elsewhere. 


Memory gain 


The number of new items recalled on Day II which were not 
reproduced on Day I represents the memory gain to which, it is 


§Zubin’s (23) nomographs have been used for testing the significance of the difference 
between percentages. 
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suggested here, the term reminiscence be restricted. ‘These data are 
shown in ‘Table V. ‘The mean gain for all ego-oriented Ss is 0.9 
items; for task-oriented, 0.1. ‘The difference between ego-oriented 
and task-oriented memory gains, when analyzed by means of the 
analysis of variance technique, is found to be significant beyond the 
oot level of confidence (Ff = 16.4, one degree of freedom). More- 
over, whereas 60 percent of the ego-oriented Ss show some memory 
gain, only 10 percent of the task-oriented Ss show a gain. The 
significance level of this percentage difference is beyond the .o1 level 
of confidence. It is clear, therefore, that ego-orientation is more 
likely than task-orientation to yield reminiscence data. This fact 
was embedded in the retention difference scores of Table I but could 
be demonstrated more clearly by a separate analysis of memory loss 
and memory gain scores. 

Activity also makes a difference in reminiscence. Active Ss, 
regardless of orientation, show a greater absolute memory gain than 
do inactive Ss. The difference between activity and inactivity, when 
analyzed by means of the analysis of variance technique, is found to 
be significant at the .o5 level of confidence (F = 4.10, one degree of 
freedom). 

Activity alone, however, is not a sufficient condition to assure 
reminiscence. Within a given orientation, activity tends to be the 
superior condition for reminiscence. But the differences between the 
absolute number of new items recalled by active ego-oriented Ss as 
compared with inactive ego-oriented Ss, and of active task-oriented 
as compared with inactive task-oriented Ss, are not statistically 
significant. Thus, although activity is a superior condition for ego- 
oriented retention (Table II), activity gua activity is not necessaril} 
a superior condition for reminiscence (Table V). 

Within the limits of this experiment, therefore, when memory gain 
is analyzed separately from memory loss, ego-orientation is the basic 
parameter favoring the recall of new items. Activity tends to be 
superior to inactivity both within ego-orientation and task-orienta- 
tion, but activity alone does not assure reminiscence. 


Part II: The Role of Rehearsal in Reminiscence 


One of the factors which investigators of reminiscence have con- 
sidered is the role of rehearsal in reminiscence. The experimental 
evidence from previous studies is decidedly equivocal. Some investi- 
gators consider rehearsal important, others do not. With few excep- 
tions, therefore, rehearsal has been negated. Yet in the present 


6 See Buxton (4) and McGeoch (15) for summaries of the rehearsal literature as related to 
reminiscence. 
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experiment, under certain experimental conditions, rehearsal does 
seem to have been an important factor. 

When asked at the end of the experiment on Day II whether they 
had tended to rehearse the series during the 24 hour interval between 
reproduction and recall, 15 of the 20 ego-oriented Ss answered ‘Yes’; 
five answered ‘No.’ Task-oriented Ss, on the other hand, were 
evenly divided in their tendency to rehearse: 10 said ‘Yes’ and 10 
said ‘No.’ 

Within the ego-oriented groups all 10 of the active ego-oriented 
Ss reported rehearsal. Of the inactive ego-oriented Ss, five reported 
rehearsal and five no rehearsal. Within the task-oriented groups 
activity seems to have been less important: six of the active task- 
oriented Ss reported rehearsal, four no rehearsal; four of the inactive 
task-oriented Ss reported rehearsal and six no rehearsal. ‘Thus, 16 
active Ss and nine inactive Ss, disregarding differences in orientation, 
report rehearsal and four active and I1 inactive Ss report no re- 
hearsal. The analysis of these differences by the chi-square test, 
corrected for continuity by Yates’ correction, is shown in Table VI. 


TABLE VI 


ANALYSIS OF THE NUMBER OF Ss REporRTING REHEARSAL OR No REHEARSAL 
DURING THE TWENTY-FOUR Hour ‘Rest’ INTERVAL 
Chi-square values corrected for continuity 

















Condition | Rehearsal | No Rehearsal | x? | Pde.) 
on noon Sanenoe Siena 

Ego-orientation 15 | 5 1.71 .20-.1 
Task-orientation 10 10 
Activity 16 | 4 | 3-84 5 
Inactivity 9 | il 
Active ego-orientation 10 | 4.23 $-.02 
Inactive ego-orientation 5 S 
Active task-orientation | 6 4 .20 70-.5 
Inactive task-orientation 4 6 





It is clear from Table VI that, although more ego-oriented Ss tend 
to rehearse, the difference between ego-oriented and task-oriented Ss 
is not large enough to be statistically significant. Yet, in view of 
the later breakdowns, the direction of the tendency in favor of ego- 
orientation should not be disregarded. Active ego-oriented Ss do 
significantly report rehearsal more often than inactive ego-oriented 
Ss. The difference here is significant beyond the .o5 level of con- 
fidence. No such difference holds for task-oriented Ss. The condi- 
tion most favorable for rehearsal during the 24 hour ‘rest’ interval, 
then, was active ego-orientation. It has already been shown earlier 
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in this report that this was also the most favorable condition for 


reminiscence. 


Activity qua activity, also, seems to have been a factor favoring 
rehearsal: the difference between active and inactive Ss is significant 
A similar difference in favor of active 


at the .o5 level of confidence. 

Ss was found for reminiscence. , 
The mere tendency to rehearse, however, is not a sufficient con- 

As shown in Table VII, 10 task- 


dition to assure reminiscence. 


TABLE VII 


ANALYSIS OF THE RELATION BETWEEN REPORTED REHEARSAL AND REMINISCENCE 
Chi-square values corrected for continuity 











No. of Ss who No. of Ss who 
. os Report Rehearsal | Report Rehearsal 2 “8 
Condition and Show and Show No x (1 d.f.) 
Reminiscence Reminiscence 
Task-orientation 2 8 6.0 02-.01 
I.go-orientation 12 3 7 — 

















oriented Ss acknowledge rehearsal but only two of the 10 show remi- 
niscence. Fifteen ego-oriented Ss acknowledge rehearsal and 12 show 
reminiscence. The difference between these two groups is well be- 
yond a chance difference. The x? value, corrected for continuity, is 
6.50. ‘This is significant between the .o2 and the .or level of con- 
fidence. ‘The ego-oriented S who rehearses during the ‘rest’ interval, 
therefore, is more likely to reminiscence than the task-oriented S who 
rehearses during the ‘rest’ interval. 

Taking the rehearsal data at face value, then, it would seem that 
rehearsal may play an important but not all-explanatory role in 
reminiscence. Rehearsal aids, but does not assure, reminiscence. 
‘The more basic factor seems to be the orientation of the S at the time 
of original learning.’ 


DIscuSSsION 


Previous studies in the field of learning and memory had estab- 
lished the fact that reminiscence occurs under a variety of experi- 
mental conditions. The specific conditions which must pertain in 
order for reminiscence to appear, however, had not been unequivocally 

7’'The fact that 50 percent of the task-oriented Ss report rehearsal is in itself an important 
finding. It may be that, although experimentally task-oriented, task-oriented Ss who answered 


‘Yes’ to the rehearsal question actually were to some extent ego-involved by virtue of the fact 
that they were being tested in a psychological laboratory. The presumption here is that the 


behavior of the task-oriented, ego-involved S would resemble that of the ego-oriented S._ This 
presumption is in accord with the findings of Alper (1), Lewis and Franklin (12), Zeigarnik (22), 
and many others, that some task-oriented Ss react as if the test situation were a personal threat. 
Personality factors would play an important and deciding role here, as has been suggested else- 
where by Alper (1). 
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established. ‘The results of the present experiment indicate that an 
important, and seemingly basic, condition for the correct recall of 
items not previously reproduced in the original learning situation is 
the mental set of the S at the time of the original learning. If the 
learning takes place under conditions of ego-orientation, after a 24 
hour ‘rest’ interval new items are correctly recalled. If the learning 
takes place under conditions of task-orientation, a memory loss, not 
a memory gain, is found. In other words, regardless of the method- 
ology of the particular experiment, it may be that where reminiscence 
has been found in the past more Ss were ego-involved than were 
task-involved, even though the £ had not intended by his instruc- 
tions to ego-orient the Ss. 

The importance of mental set in certain higher mental processes 
has been recognized ever since the early work of Kulpe (10) and his 
followers in the Wurzburg school. It is not surprising, therefore, to 
find that mental set plays an important role in reminiscence. Why 
it functions as it does in reminiscence still needs to be explained, 
however. 

The data of the present experiment can be conceptualized within 
the framework of studies in the recall of completed and incompleted 
tasks. Such studies have shown that the tension-systems established 
when S first has contact with the test material determine in large 
measure the nature of his subsequent recall behavior (cf., for example, 
1, 8, 13, 18, 22). Thus, Kendig (8) has shown that perseveration is 
more likely to occur if S experiences the initial task as a ‘failed’ 
intelligence test rather than as a casual laboratory task. In the 
terminology used in the present paper, this would mean that ego- 
oriented Ss perseverated, task-oriented Ss did not. 

In the field of reminiscence proper, Martin (13) found that incom- 
pleted tasks yield a greater degree of reminiscence than completed 
tasks if recall is tested within two minutes after the original learning. 
With longer time intervals, completed tasks are more likely to be 
reminisced than incompleted tasks. Such findings are completely in 
line with Zeigarnik’s (22) pioneer studies in the field of memory for 
completed and incompleted tasks: the incompleted task leaves behind 
it an unresolved tension-system, or need for completion. Other 
things being equal, this tension-system endures for a limited period of 
time and assures the recall of incompleted tasks. 

The present data go beyond such studies by contributing further 
to our understanding of the nature and course of different types of 
tension-systems and of the particular conditions under which incom- 
pleted tasks are likely to yield reminiscence data. ‘The fact of incom- 
pletion per se is not sufficient to assure reminiscence. 
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In the present experiment, the instructions were designed to 
arouse task-tensions in half of the Ss, and ego-tensions in the other 
half. ‘he series was incompletely learned by all Ss. It might be 
expected, therefore, that incompleted task-tensions would be aroused 
in all Ss and that the need to complete the task would be equally 
strong inall Ss. ‘The obtained facts were, however, that ego-oriented 
Ss showed a significantly lower memory loss than did task-oriented 
Ss, and that only ego-oriented Ss gave evidence of reminiscence. To 
these facts can be added the data on rehearsal: ego-oriented Ss, 
especially if active during the original learning, were more likely than 
not to rehearse the test series during the ‘rest’ interval; task-oriented 
Ss were equally likely to rehearse or not. Since rehearsal may be 
regarded as a means of completing an incompleted task, this differ- 
ence in the tendency or need to rehearse under the different experi- 
mentally induced orientations may be of basic importance. 

‘Task-tensions are aroused when task-centered needs alone are 
involved. Ego-tensions are aroused when status or self-esteem is 
threatened. Reproduction, recall after a ‘rest’ interval, or rehearsal 
during the ‘rest’ interval can effectively resolve task-tensions. All 
of these are less effective in resolving ego-tensions than task-tensions, 
however. So long as all of the items in the test series are not recalled, 
the ego-threat remains. ‘Thus, since the tensions persist, the S’s need 
to rehearse during the ‘rest’ interval persists. With the additional 
practice which the rehearsal affords, come both the smaller memory 
loss and the superior memory gain of these Ss. This mechanism 
shows itself most clearly in the case of active ego-oriented Ss where 
the tension or vigilance level is raised on two counts: (1) the ego- 
threat derived from the orientation and (2) the additional practice 
afforded by the activity itself. 


If, as has been suggested above, task-tensions are more readily resolved 
than ego-tensions, this fact will explain certain discrepancies in the earlier 
reminiscence literature. In the absence of an ego-threat, even a single 
reproduction of the test series should be capable of resolving task-tensions. 
Thus, in the Ballard (3) and Williams (21) test-retest technique, where the 
S is required to reproduce the series in the learning situation, the task- 
oriented or task-involved S can resolve residual task-tensions by this single 
reproduction. This reproduction would not necessarily resolve residual 
ego-tensions, however, if ego-needs had been aroused. Reminiscence would 
occur, therefore, when the test-retest technique was used only if ego-tensions 
had been experimentally aroused in the original learning situation. ‘This 
was the finding in the present experiment. 

If the S is not allowed to reproduce the series in the learning situation, 
as in the Ward (20) and Hovland (6) technique, it is conceivable that remi- 
niscence could occur if either task- or ego-tensions have been experimentally 
aroused, and if the time interval between presentation and recall is short enough, 
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say a matter of a few minutes. Since the Ward-Hovland methodology 
provides no opportunity for the resolution of tensions in the learning situa- 
tion, even task-tensions would persist for a short period of time and remi- 
niscence could occur. With a longer ‘rest’ interval, say a day, a week, or 
two weeks, however, task-oriented reminiscence would not occur. Unlike 
ego-tensions, task-tensions do not persist over a long period of time essen- 
tially because they serve no ego-need (cf. Koffka, 9, pp. 333-342). The 
presence or absence of reminiscence, therefore, is not dependent so much 
on the particular methodology of the experiment as on the experimentally 
induced orientation of the Ss, and on the time interval between learning 
and recall.® 

Another rather puzzling discrepancy in the reminiscence literature, 
namely, the fact that children show more reminiscence than adults, can 
also be resolved by the present findings. As Martin (13, p. 33) has already 
pointed out in connection with Zeigarnik’s (22) results, children accept 
“the necessity for completing each (incompleted) task as more nearly a 
‘real need’ while for the adults completion merely represented a ‘quasi-need.’ 

. . Real needs are more fundamental and vital to the individual... 
while quasi-needs are those involving volitional consent and result from 
purpose or intention.”” What Martin seems to be saying here is that chil- 
dren show more reminiscence than adults because children are more likely 
to be ego-involved even though merely task-oriented. ‘“The conditioning 
factor,” he says, “is not so much age as such, but rather the nature and 
structure of the trace and tension systems characteristic of different age 
levels but not necessarily peculiar to those age levels.”” The young child 
and the adult may both be ego-involved. And, if ego-involved, both should 
show reminiscence.? 

The fact that active Ss in the present experiment showed signifi- 
cantly more reminiscence than inactive Ss is not independent of the 
theory of reminiscence outlined above. Activity in this experiment 
consisted in writing each item on a separate slip of paper during the 
learning trials. Activity, therefore, provided these Ss with addi- 
tional practice of the series in the learning situation (2), and as such 
should aid reminiscence (cf. Raffel, 16). Such activity, moreover, 
would not be likely to resolve either task- or ego-tensions, since under 
the given experimental conditions this activity would neither objec- 
tively nor subjectively complete the experimentally imposed task. 


8-The fact that Rosenthal (iz) did not find reminiscence among ego-oriented Ss in the waking 
state after a 15 min. interval between learning and recall, though he did find it in the hypnotic 
State, suggests that under ordinary waking conditions ego-orientation may set up an emotional 
block which prevents the immediate availability of these traces. It may be that it takes time 
for such emotional blocking to wear off. Experiments are now in progress to test this hypothesis. 

&It is interesting to note that Leavitt (11) reports reminiscence with pursuit-meter material, 
not with nonsense syllable material. His instructions with both types of material were such 
as to induce a task-oriented mental set. His failure to find reminiscence with nonsense syllables, 
therefore, is not surprising. With the pursuitmeter, however, it is quite likely that ego- rather 
than task-tensions actually were aroused since this task is quite typically a frustrating, ego- 
involving task, irrespective of the particular experimental instructions. 
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In fact, the results of the present experiment indicate that activity 
may increase rather than decrease both task- and ego-tensions: active 
Ss, regardless of orientation, showed a significantly greater than 
chance tendency to rehearse during the ‘rest’ interval as compared 
with inactive Ss. Activity may tend to raise the tension level of the 
S during the original learning in much the same way that ego- 
orientation raises tension-level. ‘To be required to write down the 
items in a series during the learning trials may be interpreted by the 
S as a much less casual situation even under task-orientation than 
merely to have to listen to the series. Activity, then, may unwit- 
tingly ego-involve the S._ If this theory be valid, one would expect 
that active ego-oriented Ss would show more reminiscence than any 
other group. ‘This was found to be the case in the present experiment. 

‘The theory of reminiscence outlined above does not preclude a 
differential forgetting theory as championed by Buxton (4), McGeoch 
(15), and others. On the contrary, it supplements a theory of differ- 
ential forgetting in that it calls attention to the role of intrapersonal 
inhibitions in addition to intraserial inhibitions. According to the 
differential forgetting theory, intraserial inhibitions are built up 
during the learning period. Such interferences are postulated to be 
‘less well fixated’ (4, p. 350) than the correct responses and are, 
therefore, more rapidly forgotten during the ‘rest’ interval. Freed 
of these interferences after the ‘rest’ interval, the correct responses 
appear more readily than during the learning period, and new items, 
not previously reproduced, may be recalled. It is entirely consistent 
with this theory to postulate that the arousal of ego-needs under 
conditions of ego-orientation introduces additional intrapersonal 
interferences, or emotional blocks, which inhibit reproduction. ff, 
during the ‘rest’ interval, ego-tensions are diminished, intrapersonal 
as well as intraserial inhibitions would drop out and correct items 
would be freer to appear in the recall test than in the reproduction 
test. Since ego-oriented reproduction is subject both to intraper- 
sonal and to intraserial inhibitions, while task-oriented reproduction 
is subject only to the latter, it follows that ego-oriented learning would 
not necessarily be superior to task-oriented learning (2). Granted 
the present time-intervals between learning and recall, ego-oriented 
retention and ego-oriented reminiscence, however, should be superior 
to task-oriented retention and to task-oriented reminiscence, respec- 
tively, as was found in the present experiment.” 


© McClelland and Apicella (14) have recently formulated a ‘removal of inhibition’ theory 
of reminiscence. The theory outlined above is quite consistent with that of McClelland and 
Apicella. The present writer, however, is not of the opinion that such a theory either replaces 
entirely or is inconsistent with a differential forgetting theofy. 
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FACTORS IN REMINISCENCE 2: 


SUMMARY 


The data of a previously reported study in learning and retention 
are reanalyzed here to show the importance for reminiscence of 
parameters which had not been treated by earlier investigators in 
this field. These parameters were termed task-orientation and ego- 
orientation, respectively. 

The major findings pertinent to reminiscence are: 


1. Reminiscence after a ‘rest’ interval as long as 24 hours occurs 
under conditions of ego-orientation, not task-orientation. 

2. Activity is a less important parameter for reminiscence than 
ego-orientation. Activity aids reminiscence only if the S is ego- 
oriented. 

3. Differences in mental set may be experimentally induced or 
self-induced. The failure to control such differences in previous 
studies in this field could account for what Buxton (4) has termed ‘the- 
now-you-see-it-now-you-don’t character of reminiscence research.’ 

4. The conditions associated with rehearsal are also associated 
with reminiscence. Active Ss, and especially active ego-oriented Ss, 
report rehearsal during the ‘rest’ interval. The mere tendency to 
rehearse, however, is not a sufficient condition to assure reminiscence. 

5. Reminiscence data can be conceptualized within the framework 
of studies in the field of completed and incompleted tasks. ‘The ego- 
oriented S experiences the learning situation as a threat to his self- 
esteem. Ego-tensions thus aroused persist in time and are available 
for rehearsal during the ‘rest’ interval, and for recall in the recall test. 
Ego-oriented rehearsal persists because it serves an ego-need. ‘The 
task-oriented S experiences the incompletion of the learning situation 
merely as an incompleted task. ‘Task-tensions alone are aroused. 
Since task-tensions serve no ego-need, they do not persist in time. 
Task-oriented rehearsal resulting in task-oriented reminiscence, there- 
fore, is rare. In other words, incompletion gua incompletion does 
not assure reminiscence. 

6. The theory of reminiscence suggested above is consistent with, 
and supplemental to, the widely accepted theory of differential 
forgetting. 

(Manuscript received June 2, 1947) 
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REMINISCENCE IN MOTOR LEARNING AS A FUNCTION 
OF LENGTH OF INTERPOLATED REST 


BY GREGORY A. KIMBLE AND BETTY R. HORENSTEIN 


Brown Unwersity 


INTRODUCTION 


In Hull’s statement of the Mowrer-Miller hypothesis (2), it is 
postulated that all effortful responses, whether reinforced or not, 
produce in the organism a tendency to avoid the repetition of the 
response. ‘This hypothetical inhibitory effect has been termed reac- 
tive inhibition (Jz). Reactive inhibition is regarded as a negative 
drive state which is essentially a need to cease action. In this sense 
at least, Jz is closely related to what is popularly called fatigue. The 
effect of Jp upon the learning process is to reduce the work-output 
level of the organism and to obscure the actual strength of the habit. 
Thus, an individual developing a habit of a given strength under 
conditions which tend to produce a large amount of reactive inhibi- 
tion will perform less efficiently than he would with the same habit 
strength if the amount of Jz accumulated were not so great. 

There are two experimental conditions which favor the accumu- 
lation of large amounts of reactive inhibition. The first of these 
involves the amount of physical work required of the subject: The 
more effortful the responses involved, the greater the amount of Jp. 
The second condition involves the rate of reaction evocation: If the 
organism is forced to respond rapidly, reactive inhibition will develop 
more rapidly than if he is allowed to rest between reactions. The 
second of these conditions is effective in the production of Jz because 
reactive inhibition is a drive state. Drives tend to diminish under 
the influence of the appropriate goal situation; and, for Jz, the 
appropriate goal is resting. Any learning situation which gives the 
individual a chance to rest will, therefore, provide for the reduction of 
reactive inhibition. Hull has made the specific statement that Jp 
dissipates as a simple decay function of the amount of time allowed 
for rest. 

The tendency for reactive inhibition to accumulate with rapid 
elicitation of the response and to decay with time explains two impor- 
tant classes of results in learning experiments. ‘The first of these is 
the well-known superiority of spaced over massed practice. During 
the rest-pauses in distributed learning, the reactive inhibition devel- 
oped in the previous tearning trial will disappear. As a result, the 
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habit will express itself to a greater extent in spaced learning than 
under conditions of massed practice when J, is given little oppor- 
tunity to dissipate. Secondly, if practice is given with massed rein- 
forcements and then a pause occurs, by the same principle, the 
phenomenon known as reminiscence will appear. As the reactive 
inhibition which has accumulated during massed practice decays with 
rest, the response level will increase. Since Jz theoretically dissi- 
pates as a simple decay function of time, the amount of reminiscence 
will be greater with greater periods of rest. There will be a point, 
however, beyond which rest periods will be ineffective in raising the 
level of performance because the decay function of Jz is an asymp- 
totic one. 
Purpose OF EXPERIMENT 


The present experiment was designed to investigate reminiscence 
in motor learning as a function of length of interpolated rest, with 
special attention to the temporal interval at which the maximal effect 
takes place. ‘To this end, six groups of Ss received 10 practice trials 
on the pursuit rotor after which they were given two reminiscence 
trials at intervals of 10, 30, 150, 300, 600, and 1200 sec. Results 
obtained in this fashion should provide a relatively direct measure 
of the function according to which Jz dissipates with periods of 
inactivity. Following Hull’s theoretical formulation, one would pre- 
dict that, in such an experiment, performance on the reminiscence 
trials would be better than just prior to rest; that the amount of gain 
would be greater with greater periods of rest up to a point; and that, 
beyond this point, further rests would produce no further increase in 
reminiscence. 

EXPERIMENTAL TECHNIQUE 
Apparatus 


The apparatus used was a modified Koerth pursuit rotor, constructed from an adjustable 
phonograph motor, set to run at a speed of one r.p.s. The turntable was a disc of Prestwood, 
15 in. in diameter. It carried a silver target the size of a dime set flush with its surface. The 
contact stylus was made from a 6} in. length of 16-gauge copper rod. A go-degree bend was 
made } in. from the contact end which was tipped with silver. The other end of the rod was 
attached, through a hinged joint, to a wooden handle in such a fashion that the contact could 
be guided laterally, but could not be forced down against the target. Contact between the silver 
tip of the stylus and the target closed the circuit through a transformer and a Stoelting electric 
impulse counter. This permitted a cumulative reading (in .o1 sec.) of the duration of all con- 
tacts during the $50 sec. trial. The buzz of the counter acted as a signal to the S that he was 
on the target; it probably had some ‘reward’ value. 


Subjects 


A total of 93 Ss was used in the experiment. They were all male college students ranging 
in age from 17-30. Most of the Ss were recruited from the elementary psychology classes; 
and a few were obtained from the social psychology class. Particular care was taken to eliminate 
all Ss who had had any experience with the rotary pursuit test at any time. All of the Ss used 
were then ‘naive’ as to the experimental setup and procedure. 
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Procedure 


The Ss were tested one at a time. Modified AAF instructions (see Buxton and Spence, 1) 
were administered to all. Every S received to learning trials, each of which consisted of 50 sec. 
of work and was separated from the next trial by a 10 sec. rest period. At the end of the tenth 
trial the S was assigned to one of the six experimental groups. Following the original learning 
session, these groups rested for intervals of 10, 30, 150, 300, 600, or 1200 sec. At the end of the 
rest period, each S was given trials 11 and 12, two $0 sec. test trials, separated by a 10 sec. rest 
interval. All timing was done with a stopwatch. Each group consisted of 15 Ss, except for 
the 10 sec. group which had 18 Ss. During interpolated rest intervals longer than 30 sec., the 
Ss were allowed to smoke, read popular magazines or talk with the E. A policy of not discussing 
the experiment during the rest period was carefully followed. 


RESULTS 


All 93 Ss received the same amount of original practice, 10 50-sec. 
trials on the pursuit rotor. During the early portion of the learning 
series, the distribution of scores was skewed, with most of them piling 
up at the low end of the distribution. As learning progressed, how- 
ever, the distribution tended to become more nearly normal. As a 
result, we decided to report results in terms of mean scores. ‘The 
means for the different groups on the tenth trial varied considerably, 
ranging from a low of 7.43 for the 1200 sec. group to a high of10.07 
for the 600 sec. group. Fortunately, however, the differences among 
group means are not significant. A simple analysis of variance of 
the scores for the tenth trial yields an F-ratio of 0.715, which does 
not approach significance. For this reason, the general mean of the 
tenth trial scores has been used as the best available index of final 
level of performance under the present experimental conditions, and 
supplies the baseline from which one measure of reminiscence has 
been computed. 

In choosing a measure of reminiscence, perhaps the most impor- 
tant consideration is the selection of a stable index. We have made 
the assumption that the two reminiscence trials together provide a 
more reliable estimate of post-rest performance than a single score. 
Therefore, the reminiscence measures presented here involve the 
mean of the scores on trials 11 and 12. The two measures chosen 
were the following: 1. the difference between the mean tenth trial 
score for all Ss and the post-rest score for the individual group, and 
2. the difference between the group tenth trial score and a post rest 
score for that group. 

In Fig. 1 two measures are plotted as a function of the length of 
the rest interval. It should be observed that these curves have 
apparently reached asymptotes, at least by 600 sec. on the rest con- 
tinuum. This presumably means that, under the present experi- 
mental conditions, the amount of reminiscence has very nearly reached 
a maximum, and that longer rests would produce no further recovery. 
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Fic. 1. Reminiscence as a function of length of interpolated rest 


The indication that the curves have become asymptotic at this point 
is supported by the fact that both of our reminiscence measures are 
actually slightly lower for the 1200 sec. group than they are for the 
600 sec. group. Statistically, these differences are not significant: 
t-tests of the mean differences between these points yield t-values of 
0.19 and 1.23. Neither of these is significant at even the 20 percent 
‘level of confidence. On the other hand, analyses of variance per- 
formed on the reminiscence measures yield F-ratios of 9.24 and 19.14 
for the first and second of our gain measures, respectively. ‘These 
values are both significant beyond the one percent level of confidence. 
From the statistical analysis as well as from the general shapes of the 
curves in Fig. 1, the indication seems to be that the amount of remi- 
niscence varies significantly with the length of rest up to 600 sec., 
beyond which no further difference occurs. 


DIscUSSION 


As has already been pointed out, the phenomenon of reminiscence 
is deduced by Hull from the characteristics of an intervening variable, 
reactive inhibition. The basic properties assigned by Hull to the 
construct, Jz, are two. First, Jpg is a motivational state which in- 
hibits the response being learned in the sense that it produces a 
tendency to rest. In Hull’s terminology, this is expressed by saying 
that effective reaction potential (s£ x) is the difference between simple 
reaction potential (sE,x) and the total inhibitory potential (/z):? 


sEr = sEr — Ip. (1) 


1 Total inhibitory potential is theoretically made up of two components: Jp and s/z (con- 
ditioned inhibition). Of these, Jp dissipates; sJp does not. As a result, even after rest, the 
part of /g contributed by s/z will still remain and the response measure will be inhibited accord- 
ingly. The present experiment was designed to investigate only the hypothetical properties of /z. 
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This means that any circumstances which reduce the magnitude of 
[p will increase sEr. Such circumstances will also increase any re- 
sponse measure which varies directly with the magnitude of effective 
reaction potential, thus producing reminiscence. ‘The time-on-the- 
target measure used in the present experiment is an index of this 
type. Since rest is the only variable postulated to reduce inhibition, 
and since rest has been shown to produce an improvement in per- 
formance, our results may be taken as supporting Hull’s theoretical 
statement of the relationship of Iz to performance. 

The second hypothetical property of Jp is that it dissipates with 
rest as a simple decay function of time. This latter assumption has 
been stated more precisely (2, p. 301) as follows: 


“ad _ Tp(107%"”), ( 


to 
— 


t'’’ Tp = the amount of Jz present at any time, t’”, 

Ir = the total amount of Jz developed during learning, 
10 = the base of the common logarithm, 

an empirically determined slope constant, 

= the time allowed for rest. 


> 
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In order to show the applicability of this equation to the results of 
the present experiment, the gain curve based on the tenth trial per- 
formance of all Ss has been used to provide measures of Jz at each 
point (t’’’) at which measurements were made in this investigation. 
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Fic. 2. Decay of reactive inhibition as a function of time 


Since maximal gain was found to occur at 600 sec., and since beyond 
this point apparently no further increase will take place, the gain 
scores for the 600 sec. and 1200 sec. groups may be taken as indices 
of the total amount of Jz developed during the 1o learning trials. 
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‘The mean of these two gain scores is 12.49 sec. We have used this 
value as our measure of Jz immediately after the original learning 
(t’’’ = 0). By subtracting from this value the gain score for every 
other group, we have obtained a t’’’Ipz value for each of the six rest 
intervals. ‘These values have been plotted as the black points in 
Fig. 2. The smooth curve through these points is a simple decay 
function with a slope constant of —.0022. Using the values of J, 
(12.49) and q (—.0022) obtained in the present investigation, we may 
now rewrite Hull’s theoretical equation substituting our empirical 
constants: 


yr 


"Trp = 12.49. 107 -24'"", (3) 


In Fig. 2, the reader will note this equation appears to fit the data 
fairly well, at least through the 300 sec. point. Beyond this point, 
the deviations become somewhat greater. The two groups whose 
data determined these points happened to be our most discrepant 
ones in terms of original learning. It is possible, therefore, that these 
points are more divergent than they might otherwise be, through 
errors of random sampling. 


SUMMARY 


1. Six groups of male Ss were given ten 50 sec. trials, with a 
10 sec. inter-trial interval on a modified Koerth pursuit rotor. After 
rests of 10, 30, 150, 300, 600, or 1200 sec., two 50 sec. reminiscence 
trials were given, with the end in view of investigating the relation- 
ship between the amount of reminiscence and the length of inter- 
polated rest interval. 

2. The results indicate that reminiscence increases as a negatively 
accelerated function of length of rest and is very close to the asymp- 
tote at 600 sec., beyond which longer rests appear to be ineffective in 
producing greater reminiscence. 

3. By inverting the recovery function, a measure of decay of Jr 
was calculated, and a simple negative growth function was fitted to 
the points thus obtained. 

4. The results of the investigation seem to verify Hull’s theoretical 
formulation of the decay of inhibition as a function of time. 


(Manuscript received June 26, 1947) 
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THE EFFECT OF USING DIFFERENTIAL END BOXES IN 
A SIMPLE T-MAZE LEARNING SITUATION * 


BY M. RAY DENNY 


Michigan State College 


INTRODUCTION 


The present study stems from a recent investigation (1) in which 
it was observed that learning was very rapid when differential end 
boxes were used in a simple T-maze set up. ‘Twelve reinforcements 
were found to be adequate for a high level of learning. Since, in the 
earlier study, the goal box in which the animal received a food reward 
vas unlike the negative end box in which it never received food, it 
was inferred that the secondary reinforcement acquired by the posi- 
tive goal box was operating consistently on one side of the maze and 
not on the other. In other words, we can assume that,only a right 
or left turn habit had been built up in each animal. On the other 
hand, if both end boxes were alike we would theoretically expect the 
concurrent, though differential, development of opposing habits be- 
cause of the stimulus generalization of secondary reinforcement ! 
from the goal box to the similar negative end box. This means that 
the net response tendency to the correct side will be less after an 
equal number of trials to each side for a -maze with similar end 
boxes than for one with differential end boxes. In line with this 
analysis, the present study is an attempt to test the hypothesis that 
learning will be slower with like end boxes than with unlike boxes. 


EXPERIMENTAL PROCEDURE 


A. Apparatus.—The apparatus, which is more adequately described elsewhere (1), was a 
simple T-type maze with several special features. It consisted of a starting box and stem, a 
choice-point section, a pair of arms or delay boxes, and four exchangeable end boxes. The 
starting box and stem, except for the choice point section, were completely made of wood, as 
were the sides of the entire maze. The floors and roofs of the delay boxes and choice-point 
section and the roofs of the end boxes were made of opal flashed glass. This construction largely 
eliminated extra-maze cues and provided a uniform perceptual field. 

The sections of the maze were elevated to permit uniform lighting from below, and the £ 
followed the progress of the rat through the enclosed maze by means of the rat’s shadow. The 
like end boxes were the same size as the alleys and painted grey like the inside of the rest of the 
maze. The unlike end boxes were one in. taller and two in. wider than the alleys, and differ- 
entially constructed. The positive goal box was painted white and had a hardware cloth covered 
oor, while the negative end box was painted black and had a plain beaverboard floor. 


* This study was carried out at the Psychological Laboratory, State University of Iowa. 
1 Secondary reinforcement is defined by Hull (3) as the reinforcing property acquired by 
stimuli which have been closely and consistently associated with a reinforcing state of affairs. 
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B. Subjects. —The Ss run with the unlike end boxes constituted one control group of the 
experiment previously referred to (1). The Ss for the like end boxes, however, were from the 
same colony of animals, and were run immediately after the completion of the other experiment 
and under exactly the same conditions, except for the experimental variable. The Ss were male 
and female, albino and hooded rats from the colony of the Department of Psychology of the 
State University of lowa. 

C. Preliminary training.—The preliminary training schedule was the following: (1) one 
week of food habituation with each rat receiving eight gm. of Purina Dog Chow per day, (2) three 
days of preliminary training in a straight alley maze in which each animal received 12 reinforce- 
ments in the positive goal box and two non-reinforcements in the negative end box which for 
the like end box group would be either one of the two grey boxes, (3) the determination of the 
animal’s position preference in the T-maze by the same method as in the earlier study (1). (All 
Ss were trained opposite to the preferred side.) 

D. Method in learning series —Twenty animals were run with unlike end boxes at the end 
of the alleys and 20 with like end boxes. Typical maze learning conditions prevailed except 
that the number of trials to each side was equalized for each day. Four trials per day were 
given with the first two trials of the day permitting free choice of either alley, while the last two 
were forced so that only the following four patterns of runs were possible: RRLL, LLRR, LRRL, 
and RLLR. All correct responses were rewarded with two small dog chow pellets (0.20 gm.), 
and the white goal box was always at the end of the correct alley for each animal run under the 
unlike end box condition. 











DAYS 


Fic. 1. Learning curves of the like and unlike end box groups as based upon the percent of 
correct responses on the initial trial of the day 
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Because of the conditions prevailing in the first investigation, each animal was delayed 15 
sec. in either delay box before being allowed to enter the end box, and each animal was retained 
20 sec. in the negative end box. 


The Ss were trained only for a period of six days and tested with one free trial on the seventh 
day because these were the conditions that obtained in the earlier investigation. 


The inter-trial interval was approximately 20 min. and a period of 22 hours of food depriva- 
tion prevailed. 


RESULTS 


The data are graphically represented in two ways: (1) using the 
percent of correct responses on the initial test trial of each day, and 
(2) using the percent correct for the first two free trials of the day. 
The first measure is given because it is available from the previous 
study and shows the groups equally matched on the first learning 
day. ‘The second measure is the more sensitive and stable in the 
present study, and gives a slight initial difference in favor of the 
differential end box group. But this difference is to be expected on 
the basis of our theoretical analysis, for it is to be remembered that 
the Ss of the like end box condition had preliminary training with 
the grey goal boxes prior to the initial learning trial. 

Looking first at the initial trial data presented in Fig. 1, we see 
that the unlike end box group shows consistently faster learning. 
The ¢ for the data based on the overall number of correct responses 
for days 2 to 7 is 2.07, which is significant at the five percent level of 
confidence (see Table I). 

A similar but larger difference between the two groups is shown 
in Fig. 2. In addition, we see that the learning curve of the like end 
box group is somewhat positively accelerated while the learning curve 
of the other group is negatively accelerated.? The t based on the 


TABLE I 


COMPARISON OF THE LIKE AND UNLIKE ENp Box Groups 1n TERMS OF THE MEAN NUMBER 
oF Correct RESPONSES ON THE INITIAL TRIALS OF Eacu Day ror Days 2 To 7 














No. Correct Responses 
Group N Diff. t P 
Mean g 
Unlike boxes 20 5.05 .98 . 
Like boxes 20 4.20 1.50 85 2.07 <.05 >.02 




















2 It should first be noted that all the curves are positively accelerated at the very beginning 
of the learning, but that only the learning curve of the like end box group with the two trial 
measure is still positively accelerated at the end of the experimental session. Assuming that 
this is a reliable difference, we may possibly account for the continued positive acceleration in 
the following manner. The animals that go wrong on the initial trial in the like end box group 
and concomitantly receive secondary reinforcement of this response are more likely to go wrong 
on the second trial than the ones that go wrong on the initial trial in the unlike end box group 
and do not receive secondary reinforcement for this response. Such a state of affairs obtains 
for these Ss until the correct response tendency which receives the larger of the two habit incre- 
ments becomes consistently stronger than the incorrect. Thus, evidence of learning as measured 
by the percent of correct responses on the first two trials is at first suppressed and then made 
more suddenly apparent. 
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correct responses of the first two trials of the day 


two-trial measure for days 2 to 7 is 4.3, which is significant beyond 
the one percent level of confidence (see Table IT). 
The results are summarized in Tables | and II. 


TABLE II 


CoMPARISON OF THE UNLIKE AND Like Enp Box Groups 1n TERMS OF THE MEAN NUMBER 
or Correct RESPONSES ON THE First Two TRIALS oF Eacu Day For Days 2 To 7 * 


























No. Correct Responses 
Group N Diff. t P 
Mean | o 
Unlike boxes 20 9.15 1.24 
. 95 ° OI 
Like boxes 20 7.2 1.50 1-95 43 = 








* A total of 11 responses. 


DIscUSSION 


These findings are interpreted as substantiating implications of 
the principle of secondary reinforcement. It is assumed that in the 
like end box group the secondary reinforcement generalizes from the 
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correct goal box to the incorrect end box, providing reinforcement 
for the rat on wrong responses; while in the unlike end box group 
stimulus generalization is presumed to be negligible and the animal 
is consistently reinforced on one side. 

The significant aspect of the results is that they were predictable, 
as were other recent and related findings, purely on the basis of 
secondary reinforcement theorizing. It is of little consequence that 
Tolman (4) would also have no difficulty in explaining the results, 
though it is difficult to see how they would be predictable in Guthrie’s 
theoretical framework (2). Tolman would probably say that learning 
is faster in a T-maze situation with differential end boxes because of 
the greater discriminability of the significates. The definite differ- 
ence between the significates presumably increases the difference 
between what the rat anticipates at the ends of the right going alley 
and the left going alley. In short, the more particularized the sign- 
gestalt-expectation for a food-foodbox significate the faster will be the 
learning. 

It is the writer’s opinion that these explanations say the same 
thing in different words. As far as this area of conceptualization is 
concerned, the two alternative theories could be made operationally 
equivalent. ‘The principal legitimate question which might arise in 
comparing the two behavior theories is: In which system does the 
logical or postulational structure make for greater predictability? 


SUMMARY 


The present study was designed to test the hypothesis that learn- 
ing will be faster in a T-maze situation when the end boxes are differ- 
ent than when they are similar. 

The apparatus used was a new type T-maze in which it is possible 
to control intra- and extra-maze cues. ‘There were four trials per 
day, and the number of trials to the correct and incorrect side was 
equalized for each day. Learning of 20 animals run with like end 
boxes was compared, over a period of seven days, with the learning 
of 20 animals run with unlike end boxes. 

It was found that under these conditions the learning was sig- 
nificantly faster when differential end boxes were employed. The 
results were interpreted in terms of secondary reinforcement. 


(Manuscript received June 27, 1947) 
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AN EXPERIMENTAL STUDY OF WAKING 
POSTURAL SUGGESTION 


BY HAROLD GRIER McCURDY 
Meredith College 


INTRODUCTION 


A technique commonly employed in the investigation of sugges- 
tion effects is to observe the change of standing posture under verbal 
stimulation. Hull (5,6) has described a suitable recording method. 
and a number of studies have made use of it, with or without modifi- 
cation. Unfortunately, because of numerous differences in the units 
of measurement adopted, in experimental conditions, and in manner 
of reporting the results, it is virtually impossible to combine the 
various experiments into a unified body of information. ‘Thus, for 
example, it remains a question whether the responses normally are 
distributed around a single mode, lie between two modes located at 
the extremes of the range, or trail off to one side. The reputed 
U-shaped distribution has particularly exercised the ingenuity of 
several interpreters (1, 3, 4, 6). . 

An especially grave deficiency in the literature appears to be the 
absence of any standard of comparison. None of the studies seen 
by this writer have reported on the distribution of responses in a 
control experiment omitting the verbal stimulation. Without such 
information, particularly in view of the uncertainty as to the true 
nature of the distribution when verbal stimulation is applied, the 
significance of the experimental findings is bound to remain obscure. 

Finally, while Hull and the workers reported by him (6), and more 
recently Eysenck and Furneaux (4) and Arnold (1), as well as others, 
have contributed to our knowledge of the relation between postural 
suggestibility and other behavior variables, there is still room for 
further exploration. Simple as the behavior is, our scientific under- 
standing of it is certainly far from complete. 

The present study offers some data on the distribution of the 
responses in two experimental situations with normal female subjects, 
and reports on two related variables not previously noted. 


PROCEDURE 


In the first experimental situation, verbal stimulation was employed. 
The S was required to stand with eyes closed while the Z, standing in front 
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and a little to one side, repeated continuously in various ways that the S 
was falling forward. This verbal suggestion was kept up until the S had 
lost her balance or was about to do so (at which point she was checked by 
a touch against her shoulder) or until a minute had elapsed. A period of 
15 or 20 sec. of silence intervened between eye-closure and the beginning of 
verbal stimulation to permit the S to make an initial postural adjustment. 

In the second experimental situation, occurring three to four weeks later, 
the S was directed to close her eyes and stand as still as possible. During 
the minute following these directions, the E remained silent. 

The Ss employed were young women, college sophomores, juniors and 
seniors enrolled in the writer’s introductory course in general experimental 
psychology. Out of the whole class of 84, complete records were obtained 
on 78 Ss. 

The recording apparatus used was a modification of the postural move- 
ment recorder described by Hull (5,6). The chief difference, and not a 
very significant one, was the employment of a lever system instead of a 
reducing pulley for scaling down the recorded movement to 4 of the 
original. ‘The S stood facing away from the apparatus at a distance of 
about a yard, and was attached to it by means of a thread hooked to the 
back of a belt which was strapped about the waist. It was believed that 
movement at the waist level might be a more reliable index of fundamental 
postural change than movement at the shoulder. A signal magnet enabled 
the £ to mark the beginning and end of an experimental period. The 
resulting kymograph record consisted of an irregular line showing the S’s 
movement, and the line produced by the signal magnet beneath it, with a 
horizontal distance of 22 mm. corresponding to a minute of time. 

The recorded response was scored by applying a protractor to the 
shellacked kymograph record and measuring the angle of slope of the move- 
ment line between the beginning of the experimental period and its end. 
In spite of minor irregularities due to the constant small oscillations of the 
S, the slope of the movement line was usually fairly uniform; and by taking 
the peaks at the beginning and end of the experimental period (one min., 
or less, as previously explained), as the reference points for making the 
measurement, it was possible to secure reasonably accurate scores. If, for 
example, the movement line at the end of a minute (22 mm. on the record) 
had sloped up to 10 mm. above the base-line established at the beginning 
of the period, the score was +24 (degrees of angle); if it had sloped down 
to the same distance below the base-line, the score was —24. It is obvious 
that a score thus obtained takes into account, in a single figure, the direction 
of the response, its speed, and its extent. Knowledge of the angle and of 
the per minute length of the base-line permits one, of course, to obtain the 
vertical distance on the record for any desired moment by multiplying the 
base-line distance by the tangent of the angle. It is therefore possible to 
estimate the distance of the movement crudely for a one-min. period even 
when the S had to be checked from falling within a few seconds after the 
stimulation was begun. 
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RESULTS 
1. Distribution of Responses 


Table I summarizes the results from the two experiments. The 
angle scores listed indicate the mid-points of step intervals of nine 
degrees. Beside them, for the sake of comparison, are given the 
estimated distances of the actual movement for one min. in mm.., 
calculated as explained and multiplied by three (since the recorded 
movement was reduced to 14 of the original). The means and stand- 
ard deviations are stated in terms of the angle score. 


TABLE I 
Distriputions oF Bopy Sway Scores For 78 CoLLteEGE WomMEN 1n Two 
DiFFERENT EXPERIMENTAL SITUATIONS 
Time = one min. 




















Frequencies 
Midpoint Scores Estimated Movement 
(Degrees of Angle) (MM.) 
Suggestion Non-Suggestion 
+81 417 3 
+72 203 3 
+63 130 2 
+54 94 5 
+45 I 
+36 48 2 
+27 34 I i 
+18 21 9 7 
+9 II 9 15 
O Oo 22 4! 
— 9 II 1S 12 
—18 21 4 2 
ess 34 2 
Me+12.58 M+ 1.84 
SD 27.34 SD 8.54 











It will be seen that 16 of the positive scores and two of the nega- 
tive ones in the suggestion distribution lie beyond the extremes of 
the non-suggestion distribution, or, respectively, 20.5 and 2.6 percent. 
There is clearly a significant difference between the two distributions. 
It must be noted, however, that in some respects the distributions 
are alike. Both show a distinct mode centering on zero, and there is 
a slight skewness in the non-suggestion distribution corresponding to 
the larger one found in the suggestion distribution. Whether the 
skewness in the non-suggestion distribution is due to a natural forward 
inclination of the human body, or to some other cause, is not certain. 
That there is some relationship between the two distributions seems 
to be indicated by a correlation coefficient of .24, which for this num- 
ber of observations has a P-value between .o5 and .o2. 
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A slight dip in the distribution of the suggestion scores will be 
noticed between 18 and 54. The number of observations is insufh- 
cient to establish this as a significant fact, but, since other studies 
have reported similar breaks in the distribution, it may be. At any 
rate, it is worth considering that somewhere in this region of the 
scores the swaying S reaches a critical point of balance. If a correc- 
tion for the differing heights of the Ss had been made, it is possible 
that the dip would have been more strikingly shown. Certainly, the 
existence of a critical point of balance might very well produce some 
kind of break in the distribution. 


2. Related Variables 


Among several variables investigated, two were found which 
showed significant correlation with the suggestion scores and which 
have not appeared previously in the literature, so far as the writer 
knows. ‘These were the reported frequency of dreaming and a poorly 
understood complex of causes related to the order in which the Ss 
presented themselves for the experiment. ‘The respective correlation 
coefficients were .34 and .45, both lying well beyond the one percent 
level of significance. 

Records had been obtained previously from the 78 Ss (plus four 
others) concerning the frequency of their dreaming. ‘The Ss noted 
down each morning for a week whether or not they had dreamed 
during the night. ‘The first set of records was obtained about a month 
before the suggestion experiment. ‘l'wo weeks later another sample 
of dream frequency extending over a week’s period was obtained by 
the same method. ‘The maximum possible score for the two weeks 
combined was 14. The records revealed a range for the two weeks 
of Oo to 14, with two modes, one at 6, the other at 14. Taking the 
samples for the two weeks separately and correlating them yielded a 
coefhicient for the 82 reporters of .78. Inasmuch as the two samples 
were taken two weeks apart under somewhat different environmental 
conditions (the beginning of a semester as contrasted with the semes- 
ter fully under way), it seems a reasonable assumption that frequency 
of dreaming (which means, of course, the frequency with which 
dreaming is reported) has some stability as a personality trait. 

To appreciate the meaning of the other correlation figure it is 
necessary to know that the suggestion experiment took place on four 
successive days, when the Ss, in groups of around 20, were engaged 
with other work in a room adjoining the experimental room. ‘The 
Ss came into the experimental room one at a time, and after the brief 
experimental test returned to the room where other members of the 
group were at work or simply waiting. ‘This arrangement resulted 
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in a certain amount of discussion of the experiment, perhaps some 
eavesdropping, laughter and teasing, and other social interchange 
within the group. For some of the Ss the experiment assumed the 
character of a challenge which had to be reported back to the group. 
For all Ss coming in after the first there must also have been a con- 
siderable loss of novelty. Perhaps the total effect of the arrangement 
described might be somewhat inadequately summed up as a decrease 
of general excitement with the passage of time. For the purposes of 
the correlation the measure used, whether it represented decrease of 
excitement or something entirely different, was simply the order of 
presentation of the Ss. Thus, the first in each experimental group 
was given the number 1, the second the number 2, and so on through 
the list. ‘Treating 1 as the highest score, 2 the next, and so on, the 
positive correlation mentioned, of .45, was found between this meas- 
ure and the suggestion scores. 

In order to get some estimate of the degree of interaction between 
the two factors in the production of the suggestion scores, partial r’s 
were computed. ‘The figure for frequency of dreaming, with order 
of presentation held constant, was .47; for order of presentation, with 
frequency of dreaming held constant, the figure was .55. The mul- 
tiple correlation coefficient, representing the dependence of the 
suggestion scores on both factors together, was .66. ‘The contribu- 
tion of these two factors to the total variance of the suggestion scores 
was thus 44 percent. 


DIscuSSION 


Because of the lack of uniformity in collecting and reporting data 
in this field of investigation, it is not possible to bring the present 
study into strict conjunction with others. Nevertheless, the opinion 
may be ventured in regard to the distribution of responses in waking 
postural suggestion of this type that the data of the study harmonize 
quite well with the results obtained by Berreman and Hilgard (2), 
and better with the results obtained by Williams and by Landis than 
with those obtained by Life (6); and that there is little evidence here 
for the U-shaped distribution reported by Eysenck (4) and others. 
Kysenck regards his own U-shaped distribution as a statistical arte- 
fact dependent upon his method of measurement; but insofar as there 
may be a real tendency toward such distributions, the present study 
hints at the possibility that some critical point, such as that between 
just succeeding in remaining erect and just failing to do so, may be a 
determining factor. Incidentally, it is not clear to the writer whether 
Eysenck’s method of scoring, or Life’s, allowed for negative values. 

That the postural behavior of Ss may be significantly altered by 
verbal suggestion is demonstrated here by comparing two experi- 
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mental situations differing primarily in the presence or absence of 
such suggestion; but it is also demonstrated that the form of the 
suggestion distribution does not differ totally from the form of the 
non-suggestion one. Furthermore, the correlation coefficient of .24 
between the two sets of scores argues faintly for the supposition, 
supported also by the similarity of the distribution curves, that in the 
case of some Ss the verbal suggestion may work by slightly reinforcing 
a movement tendency already present, so as to exaggerate a normal 
backward or forward sway. In regard to this point, it is unfortunate 
that the non-suggestion experiment did not precede the other. From 
the data in hand it cannot be decided how much of the correlation 
obtained was due to a carry-over from the suggestion experiment 
occurring three or four weeks earlier. 

Arnold (1) has recently endeavored to support the old theory of 
ideo-motor action as a sufficient explanation for suggestion effects. 
Possibly the relationship reported here between frequency of dream- 
ing and suggestibility might be taken as further evidence for that 
point of view. Vividness of imagery, according to Arnold, is an 
important determinant of the overt behavior observed in suggestion 
experiments. Reported frequency of dreaming, however, is not a 
reliable index of the capacity for vivid dream imagery. It is more 
likely an index of the degree to which a person is aware of all his 
psychic processes. ‘The following case is illustrative. One S, who 
had reported four dreams only for the two-week survey and whose 
suggestibility score was zero, came to the writer for numerous thera- 
peutic interviews. Under the proper encouragement she was able to 
report many and very vivid dreams. At first, however, she had 
difficulty in doing so, and there continued to be frequent occasions 
on which important segments of her dreams temporarily eluded her 
memory. ‘This difficulty in remembering her dreams was allied with 
a general forgetfulness of all sorts of emotion-laden experiences. It 
was as if her field of consciousness were sharply restricted and broken 
up into fragments by numerous amnesic gaps. ‘This is merely a 
single case, and the writer realizes how unsafe it is to generalize from 
one to all; but the possible implications are worth considering. 

As to the meaning of the correlation found between the suggestion 
scores and the order of presentation for the experiment, the minimum 
conclusion would seem to be that an S entering a laboratory is bring- 
ing there various residual influences from outside (e.g., the social 
group) which it is unwise for the experimenter to ignore. 


SUMMARY 


1. Using a modification of Hull’s Postural Movement Recorder, 
and scoring the responses by an angular measurement which takes 
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into account direction, speed, and extent of the movement, the pos- 
tural behavior of 78 normal female Ss was investigated in two experi- 
mental situations: (a) a suggestion situation, in which each S was 
required to stand with eyes closed while the £ repeated in various 
ways that she was falling forward, continuing for one minute or until 
the S began to lose her balance; and (b) a non-suggestion situation, in 
which the S, after being instructed to stand as still as possible, stood 
with eyes closed for one min. during which the £ remained silent. 

2. ‘The two distributions obtained under these experimental con- 
ditions were compared, and it was shown that, while the range of the 
suggestion scores is definitely greater than that of the non-suggestion 
scores and mainly in the direction expected on the hypothesis of 
suggestibility, the two distributions have certain similarities. In 
both cases, there is the same direction of skewness, and the scores are 
distributed on either side of a single mode standing at zero. 

3. Correlations found were: between the suggestion and the non- 
suggestion scores, .24 (P = .05 to .02); between suggestion scores and 
frequency of reported dreaming, .34 (P less than .o1); and between 
suggestion scores and order of presentation for the experiment, .45 
(P less than .o1). The amount of variance in the suggestion scores 
accounted for by the latter two variables was found to be 44 percent. 

4. Reference was made in the discussion to the difficulty of com- 
bining results from the various reports in the literature dealing with 
this subject, because of the inconsistency and incompleteness of the 
reports. It is to be hoped that Hull’s simple and valuable test of 
suggestibility will be more fully explored by workers having an oppor- 
tunity to deal with large normal populations. ‘The present study has 
attempted to contribute to the standardization of this kind of 
investigation. 


(Manuscript received June 26, 1947) 
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MOTOR EFFECTS OF STRONG AUDITORY STIMULI 
BY R. C. DAVIS 


Indiana Uniwersity 


The effects of stimuli to the sense organs are commonly traced 
through the receptors, along the different fibers into the spinal cord 
or brain nuclei, and from there to certain regions of the cerebrum. 
The course of events then ensuing is in general a matter of inference 
and speculation. Presumably their nature and direction are influ- 
enced by the structure and prior excitation of the region; presumably, 
also, they influence in turn excitations which enter the organism at a 
later time. Where there is no immediate visible response the results 
of sensory stimulation are supposed by some to terminate in the 
neural tissue after producing, probably, some modification therein. 
‘Implicit’ responses in the soma, on the other hand, have been thought 
by some to follow upon all sorts of stimulation and in one way or 
another to set the stage for the next ‘overt’ action. 

Many small scale somatic activities have, of course, been observed. 
Most studies of these have been in search of activities in progress 
while the individual was carrying out an assigned task, a task which 
resulted in eventual overt response (such as problem solving: 2, 4) or 
which remained implicit (such as imaging: 9,11). But if the theory 
of implicit somatic reactions is generalized one should also expect 
them to be found when the individual is, to outside observation, quite 
passive and merely receiving stimulation. Such a case would be one 
in which the individual is instructed to do nothing upon reception of 
a stimulus. ‘The stimulus would be of a sort, preferably, that has 
some effect on the individual which could be demonstrated by later 
report. Under such conditions it is conceivable that the energy dis- 
turbances of the receiving process, which might be of maximal inten- 
sity, are blocked and dissipated somewhere in the cerebral cortex, for 
instance. On the other hand, it is possible that they continue to 
follow the response arc and dissipate themselves in peripheral actions. 
If peripheral effects could be demonstrated under those conditions 
they would be of interest, of course. But their significance would 
be much greater if it could be demonstrated further that they bear 
some relation to (1) the character of the stimulus employed, (2) the 
prior state of the organism, or (3) any subsequent (or possibly con- 
comitant) response of the individual. For if there are such relations, 
we should be in the way of deciding whether the organism typically 
makes use of a series of peripheral (sensory)—central—peripheral 
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(motor) circuits, or whether, in many important instances, the final 
limb of the traditional arc is absent or unimportant. Further, should 
there be peripheral responses with significant relationships we should 
be provided with a powerful tool of investigation, since it would then 
be possible to use them as indicators of the processes which intervene 
between a stimulus and its overt response which may not occur for 
some little time. By this means, there might be a direct attack made 
upon the ‘intervening processes’ so frequently discussed.! 

The experiments here reported are the beginning of an investiga- 
tion of the existence and relationships of motor components of 
responses usually termed sensory. ‘The stimuli selected for the test 
were auditory, since they are convenient to administer and perhaps 
simpler in that pre-stimulus fixation need not be considered as it 
would need to be for visual stimuli. The stimuli were of high inten- 
sity level, for this seemed desirable in a first study. 

It is not entirely correct, of course, to imply that implicit responses 
to auditory stimuli are altogether unknown. 

Autonomic responses, particularly the galvanic skin response, are 
easy to demonstrate with auditory stimuli under the conditions men- 
tioned. In the case of the GSR anyway, there are, further, certain 
relationships to stimulus intensity (8). Loud sounds produce a vari- 
ety of responses, mediated by the central as well as the autonomic 
divisions (1). In general, however, the known responses fail to corre- 
spond with expected psychological effects in two ways: (1) With the 
exception of the skeletal muscle response (‘startle response’) they 
occur so late after the stimulus that they could not intervene between 
the stimulus and many final overt responses. (2) All these responses 
diminish with adaptation far more readily than final overt responses 
do. ‘Annoyance,’ for example, may well be increasing and discrimi- 
nation improving, while these responses are falling off. 

The speed with which the skeletal muscles may respond following 
a stimulus suggests their responses as a possible field of study for the 
problem in hand. Accordingly in the present experiments the record- 
ing made was of skeletal muscle responses, using the action potential 
technique. ‘The special object of Experiment A was to discover what 
response occurred and how it might be related to stimulus intensity. 
Experiment B was designed to discover whether a pre-existing pattern 
of muscle tension would influence the response. 


PROCEDURE 


Two experimental groups were used; six Ss for Experiment A and 24 for 
Experiment B. For both experiments each S lay on his back on a cot in a 


1 Failing this method there would remain, of course, the brain potentials to be used for the 
purpose in the normal organism. 





MOTOR EFFECTS OF AUDITORY STIMULI 259 


shielded room. ‘Active’ electrodes (five mm. discs, with electrode jelly) 
were attached to the crest of extensor muscles on the dorsal surface of both 
forearms (2-3 in. below the elbow). The ‘reference’ electrodes, consisting 
of large thick felt pads (2 K 6 X 3 in.), were placed on the upper arms. 
(These would attenuate to a high degree any potentials from this location.) 
Two recording systems with adjustable gain with inputs ungrounded as 
previously described (6) were used. These systems fed into two cathode 
ray oscilloscopes and the track of their spots was photographed with a 
moving film camera. 

Ss were instructed that there would be a five min. relaxation period 
which would be followed by loud sounds at intervals, and that S was to 
remain in the same position and do nothing in response to the sounds. In 
cases where the initial tension level was high during a ‘normal’ situation, 
suggestions were made to S (over a communication system) for further 
relaxation during the five min. rest period. 

Sound stimuli of 500 cycles were generated by a beat frequency oscillator 
which fed into a power amplifier which in turn activated a loud speaker 
mounted in the wall of the shielded room. The intensity of the sound was 
controlled by switches which inserted fixed resistors into the oscillator- 
amplifier connection. The three intensities used in the experiments were 
measured with a General Radio sound level meter, the pick-up being placed 
in the position of Sshead. The readings obtained were 100, 102, and 103 db. 
It is doubtful, however, whether these figures are very significant in this 
case. ‘The wave pattern when inspected on an oscilloscope shunted across 
the speaker showed that for all three stimuli the amplifier was overloaded 
and was cutting off the tops of the waves or, in other words, introducing a 
series of higher harmonics. The amplitudes of the principal wave for the 
three stimuli bore about the ratios indicated by the meter readings, but in 
the presence of such harmonics sound level meter readings are likely to 
be in error (1). 

Measuring by another method, a relatively pure tone of the same fre- 
quency was matched for loudness with the stimulus tones by an observer, 
and the intensity of the matched pure tone was then read on the sound 
level meter. By such means the three stimuli intensities were measured 
as 90, 95, and 99 db. (averages of three Os). This method (1) uses the 
human ear to overcome the defects of the meter in this kind of sound 
measurement, and the results may be taken as most representative of the 
stimulus values. Differences between the three sounds were obviously far 
greater than threshold differences. All stimuli, of course, were quite loud. 

The duration of the stimuli was controlled by means of an electronic 
timer, so arranged as to turn on the stimulus at the throw of a switch and 
turn it off automatically after a determined interval (four sec. for Experi- 
ment A, two sec. for B). The timer also activated the argon flash bulb 
used as a stimulus signal, and an electric stop clock for checking the dura- 
tion setting. 

In Experiment A, Ss lay with hands resting palm downward beside them 
on the cot at all times. Three stimuli of each intensity were delivered in 
mixed order, with two-min. intervals between stimuli. The order was 
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varied for different Ss so that each stimulus occupied each serial position 
an equal number of times. (See Table I.) In Experiment B the highest 
stimulus intensity was used throughout. For one group of three stimuli 
S kept his hands in the position used in Experiment A. For another group 
tension was induced in the right arm prior to stimulation, and for another 
in the left. The tension was induced by having S lay the hand in question 
on the abdomen or, if that failed to induce a clear increase (as seen on the 
oscilloscope), S was required to hold a small box in the air over his abdomen. 
The order of these three treatments (rest, right tension, left tension) was 
varied from S to S so that each occurred an equal number of times in each 
sequential position. 

The recording camera was started a few sec. before the onset of the 
stimulus and stopped shortly after its end. Each record was then marked 
off into intervals of 0.1 sec., beginning at the onset of the stimulus, going 
back .2 sec. and forward through the stimulus duration. In Experiment A 
only sample intervals were marked off at definite times during the last two 
sec. of the stimulus duration. In Experiment B the two intervals imme- 
diately after the stimulus were marked off; in Experiment A an interval of 
0.7 sec. after the end of the stimulus was used also. ‘The records were then 
projected on to a wall scale by a Delineascope and the distance between the 
longest positive and the longest negative peak in each tenth of a sec. was 
recorded, making altogether some 14,000 readings. ‘The next step was to 
convert these to microvolts by reference to a calibration photograph of a 
standard 100 cycle 12 microvolt wave supplied to the recording systems at 
the close of each S’s run. The necessary group and sub-group means, as 
indicated below, were then computed for readings taken at corresponding 
times with reference to the onset of the stimulus. 


RESULTS 


Experiment A.—Such averages are shown in Fig. I in their proper 
sequence for tensions following the three stimulus intensities and for 
the twoarms. ‘The first effect of the stimulus, seen most clearly with 
the ‘loud’ stimuli in the right arm, begins about 0.1 sec. after the 
onset of the stimulus and reaches its peak about o.1 sec. later. ‘There- 
upon it dies out more slowly over the next 0.5 sec., though it does 
not reach the pre-stimulus level even at that time. This response is 
clearly the one described in an earlier study (4) and for convenience 
may be called the a-response. In the left arm the a-response to the 
‘loud’ stimulus is smaller, and with the less intense stimuli, absent or 
doubtful. Following this wave ? is another response (or second wave 
of the first) which has not previously been described in records of 
this kind. This it will be convenient to call the b-response. In 
response to the strongest stimulus this b-response seems to begin at 
about 0.8 sec. after the onset of the stimulus. The response curves 


2 ‘Wave’ as used here refers, of course, to the appearance in the graph under discussion. In 
the original records this is seen as a series of spikes of varying heights. 
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for the other stimuli, however, suggest that the inflection of the curve 
at this point may be deceptive. When the a-response is small the 
inflection point comes much earlier. The inference is that the b- 
response actually begins to develop at a very early point, perhaps as 
early as the beginning of the a-response, and that the a-response, or 
much of it, is superimposed on the early stages of the b-response. 
The b-response, then, is slow in developing with the average reaching 
its greatest value at something like a second after the onset of the 
stimulus. ‘The duration of the maximum is apparently a little short 
of one sec.; then there is a decay, rapid at first and then slow. At 
the last measurement, a half-sec. after the end of the stimulus, four 
and a half sec. after its onset the level of tension is still above that 
of the pre-stimulus period. The amplitude of the second response, 
as shown by these group averages, is here comparable to that of the 
a-response to the strongest stimulus. ‘These observations on the 
duration and amplitude of the average responses do not necessarily 
apply to single responses, since higher individual maxima occurring 
at varying times might be distributed so as to produce such a trend 
in averages. Further analysis will discover the characteristics of the 
two responses. 

The a-response. ‘The earlier study referred to (4), based on read- 
ings from one arm only, reported that the a-response adapts rather 
quickly with repeated stimulation, and remains adapted to a consid- 
erable degree over a 24 hour period, that it is greater with a greater 
level of pre-existing tension, but that it is unrelated to Ss intention 
to inhibit the response or reports of relaxation. ‘The present study 
offers opportunity to check some of these findings and add to them. 
The existence of the response is clear enough in the response to the 
strongest stimulus in the new data, but its relation to stimulus inten- 
sity and repetition needs some further analysis. For this purpose a 
measure of the response was taken as the difference between either 
reading 3, 4, or 5, whichever was greatest, and the rest level at reading 
2, just before the onset of the stimulus. (The calculation was made 
for each response. Such measures will be somewhat inflated by the 
method of selection, but it seems that they may properly be compared 
with each other.) Tables I and II show the resulting averages. In 
these the numerals I, II, and III refer to the first, second, and last 
thirds of this experimental series, in each of which one stimulus of 
each intensity was administered to each S. Stimulus intensities are 
designated Weak, Medium, and Strong. (The terms are relative, of 
course.) ‘There are three entries in each cell, which are the averages 
for Ss who received the indicated treatment first, second, and third, 
respectively. These tables were then treated by analysis of variance, 
estimates of variance being based on variance between stimuli, vari- 
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TABLE I 


Tue A-RESPONSE IN THE RiGut Arm Microvo.tts INcREMENT—EXPERIMENT A 





















































————— —————- \ 
Parts of Series I II III Mean ¢ 
A 2.8 & 8 B 1.2 7 : 
Weak S B 2.4 \ 4 C 320 1.3 t 
* 8 B 1.2 A 4 ‘ 
B 2.0 A 4 Co I 
Medium §S C 2.0 B 8 A —1.2 1.4 
A 2.0 - @a4 B 4 . 
= C 
. #22 B 8 A 24 
Strong S \ 2.0 ™ 4 B 4 2.5 . 
B 3.6 \ 8 C 4.4 i 
Mean 3.0 9 1.1 1.7 i 
TABLE II s 
Tue A-RESPONSE IN THE Lert ArM Microvo._ts INCREMENT-—EXPERIMENT A f 
Parts of Series I II III Mean 
A 1.6 C 4 B1.2 _ 
Weak S B- 2.0 A 4 C 4 8 7 
. 8 B 8 A —.4 
B 4 A oo C 4 
Medium S C 1. B 1.6 A -—8 7 
A 2.8 > ts B —.8 
C 12.4 B 4 A 4 
Strong S A 1.6 Co B 4 2.0 
Bt.2 A —.4 cc ss 
Mean 2.7 5 3 1.1 

















ance between thirds of the series (adaptation effect), the variance 

between positions within the thirds, and the residual variance. For - 
the right arm both stimulus intensity effect and adaptation effect are 

significant at better than the one percent level when tested against 

the residual variance. For the left the adaptation effect is significant - 
at the five percent level and the stimulus intensity effect fails to show 
any substantial significance.’ 

If the averages for the columns and rows are compared with their 
standard errors (derived from the remainder variance) it is found that 
only those for the loud stimulus and for the first third differ signifi- 
cantly from zero. Further, when the loud stimulus was presented in 
the first position, it produced an especially large response. Evidently - 
the response approaches zero quite rapidly as the stimulus strength 
falls off and as the stimulus is repeated. 


* This procedure, of course, simply tests the hypothesis that the effects are attributable t 
uncontrolled variations in a series of data like the present. : ~ 
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The b-response. The first problem for the b-response is to pro- 
vide a statistical test of its existence. ‘To measure it for this purpose 
a single reading was chosen (No. 14, 1.2 sec. after the onset of the 
stimulus) and from it the ‘resting’ level at reading No. 2 was sub- 
tracted. ‘This treatment was given to each response and the resulting 
averages are presented in Tables III and IV, constructed on the same 
plan as Tables I and II. Analysis of variance with respect to the 
same factors as used before was carried out to arrive at standard errors 
of the general means. For the right arm this is .32 and for the left 
.24. When the means are compared with these, they are seen to be 
highly significant. The b-response, in other words, cannot be ex- 
plained as uncontrolled variation in the series. 

To test the effects of the experimental conditions upon the re- 
sponse, a different measure was needed, and a measure like that used 
for the a-response was derived by selecting the maximum of each 


TABLE III 


THE B-RESPONSE IN THE RicGut Arm Microvo.tts INCREMENT—EXPERIMENT A 





















































Parts of Series I II Ill Mean 
A 1.6 C 4 B 4 
Weak S B 8 A 3.2 C —2.0 1.0 
Co B 1.6 A 3.2 
B 2.4 A 2.4 [ 4 
Medium S$ C 18 B —2.4 A 4 7 
A —.4 C 1.2 Bt.2 
C —4 Bo A 4.4 
Strong S A 3.6 . ts B 4 1.3 
B 4 A 2.0 C 4 
Mean 1.0 1.1 9 1.0 
TABLE IV 
THE B-RESPONSE IN THE Lert Arm Microvo.ts INcREMENT—EXPERIMENT A 
Parts of Series I Il Ill Mean 
A 8 4 B 8 
Weak S B 8 A 3.2 Cc -8 8 
C 1.6 B 4 A 4 
B 4 Ao Cc —4 
Medium S$ C 4 B if A 2.0 3 
A 4 C —.4 Boo 
C 4 B —.4 A 3.2 
Strong S A 2.4 Cc —4 Bo Re) 
B 1.2 A 28 Cc —4 
Mean 9 7 6 7 
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response between the 12th and 2oth readings (1.0 to 1.8 sec. after 
stimulus onset) and subtracting reading 2 fromit. Since the resulting 
tables are very similar to III and IV except for somewhat larger 
values they are not here reproduced. The F ratios, as inspection 
suggests, do not even approach significance. Within the ranges here 
used evidently stimulus intensity and repetition have little or no 
effect on the size of the b-response. 

It is clear that the a and b waves (more exactly, the first and 
second parts of the response curve) behave quite differently as func- 
tions of the stimulus. ‘The first is evoked by very strong stimuli, and 
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Fic. 1. Experiment A. Mean tension level as affected by the auditory stimuli. Light lines 
show left arm and heavy lines right arm tension. 


approaches zero as the stimulus falls below 1oo db.; it adapts so 
rapidly as to approximate zero with only three or four stimulations 
two min. apart. The second is impervious to stimulus variation of 
the sort here used. It is desirable, then, to speak of the two as 
separate, rather independent, responses with different time and stimu- 
lus relations. ‘This is not to say that a response curve will always 
show two distinct waves. In fact the majority of the curves in Fig. I 
give clear indication of only one, the b-response. ‘The interpretation 
is rather that the first and second parts of the response have different 
functional relationships, and hence might appear in all sorts of com- 
binations, given the proper conditions. Even with large responses in 
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both parts, however, distinct waves might not appear, for large re- 
sponse might be long and so leave no intervening low point. 
Experiment B.—The trend of results for the 24 Ss used in this 
experiment is shown by the six lines in Fig. 2a, b, c, which represent 
the average tension level in each tenth of a sec. through the critical 
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Fic. 2. Experiment B. Mean tension level as affected by auditory stimulus under 
the three experimental conditions 








266 R. C. DAVIS 


period. Inspection of these curves suggests certain effects, some of 
which may be tested by further analysis. 


1. The a-response is evident under all conditions, with its maxi- 
mum usually at reading 4 (0.1 to 0.2 sec. after the stimulus onset). 

2. ‘There is a wave corresponding to the b-response only under 
condition of relaxation for both arms, and even there it is small 
enough to make its significance need testing. 

3. Under the right relax-left relax condition the tension level in 
the right arm begins and stays at a higher level than that in the left. 

4. Either arm with artificially induced tension stays at a higher 
tension level than the other through the stimulus period. It is 
apparently easier to induce a tension difference in favor of the right 
arm than in favor of the left. (The opposite was true of the two 
left-handed Ss.) 

5. The a-response, at least, appears to be related rather intimately 
to the initial tension level. 


The a-response. For further analysis the same measure of the 
a-response was used as in Experiment A, i.e., the difference between 
the peak (reading 3, 4, or 5) and the pre-stimulus level for each con- 


TABLE V 


Tue A-RESPONSE IN THE Ricut Arm Microvo.ts INCREMENT—EXPERIMENT B 





















































Parts of Series I II III Mean 
Both Arms \ 6.4 . £2 D 28 3.3 
Relaxed B14 E 4.2 F 1.7 
Right Relaxed C 6.0 B 8 A 3.0 
Left Tense D 49 F 2.3 E 1.6 
Right Tense = 69 A 7.2 B 3.6 8.4 
Left Relaxed F 13.8 D 10.2 S&S <s2 
Mean 7.2 4.7 2.9 4.9 
TABLE VI 
Tue a-Response IN THE Lerr Arm Microvo.tts INCREMENT—EXPERIMENT B 
Parts of Series I II III Mean 
Both Arms A 6.2 C 29 D 2.4 3.1 
Relaxed B 4.5 E 1. , 
Right Relaxed C 5.0 B 2.4 A 5.9 4.7 
Left Tense D 9.4 F 3.7 E 2.2 
Right Tense E 2.6 A Re) B 5 1.9 
Left Relaxed F 5.0 D 8 C 1.6 
Mean 5-5 2.0 2.3 3-2 
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dition. ‘These figures are shownin Tables Vand VI. In these tables, 
I, Il, and III represent as before the first, middle and last thirds of 
the series (three stimuli each), while the other chief variable is the 
state of tension or relaxation in the two arms as produced by instruc- 
tion, in the two arms. ‘The letters within the cells designate groups 
of Ss, for each of which one of the six possible orders of procedure was 
used. Analysis of variance then took account of the following factors: 


. Adaptation 
. Tension conditions produced by instruction 


Inter-group differences and order of presentation (chiefly the 
former, no doubt) 


4. Remainder 


Ww Ww = 


It is possible to compute F-ratios on two bases: one may compare the 
tension and adaptation variance estimates with the estimate from the 
‘remainder’ to evaluate the role of uncontrolled variation or one may 
compare them with the estimate derived from inter-group differences 
to evaluate the role of S sampling. Computed both ways the ratios 
are as found in Table VII. If the two sources of error variance are 











TABLE VII 
Resutts oF ANALYSES OF VARIANCE OF TABLES V ANpD VI 
F-ratio Minimum F-ratio Minimum 
(Intra-group) Level of (Inter-group) Level of 
(2-8 d.f.) Significance (2-5 d.f.) Significance 
Right Arm 
Adaptation 4.41 5% 3.01 <5% 
Tension 12.45 1% 8.98 5% 
Left Arm 
Adaptation 13.88 1% 8.58 5% 
Tension 7.78 5% 4.87 <5% 

















considered together the significance levels are five, one, one, and five 
percent, respectively. 

It seems reasonable to conclude that tension instructions and 
adaptation produce a significant effect upon the a-response. 

The exact course of adaptation of this response can be discovered 
by a finer breakdown of the averages in Tables V and VI. The 
responses represented in the first column were subdivided and the 
average responses of all Ss to the first, second and third presentations 
of the stimulus were computed. (Since less change took place in the 
middle and last thirds of the series further breakdown of them seemed 
unnecessary.) ‘These calculations give the adaptation curves shown 
in Fig. 3. The absolute level of these curves is of course affected by 
the several tension conditions under which the data were taken, but 
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since the same combination of tension conditions enters at all points, 
the curves may be taken as fairly representative of the adaptation 
effect. The decline is sharp: at the ninth presentation the response 
is about /4 its original size. ‘That it is not so rapid as in Experiment 
A is very likely caused by the shorter duration of each stimulus (here 
two sec. rather than four). 
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Fic. 3. Experiment B. Mean a-response to successive stimulus presentations 


‘The b-response. Since the presence of the b-response is not 
obvious in the curves in Fig. 2, the first question logically should be 
whether it actually exists in this experimental series. It might be 
absent, or its presence might be obscured by an a-response so long 
as to merge with it. Tables similar to III and IV were constructed 
and treated in the same manner as those tables, though with both 
possible error variances used for evaluating the general means. (Since 
the tables are very much like VIII and IX, except that the values are 
smaller, they are not reproduced.) Since three of the resulting ratios 
exceed the one percent level of significance and the fourth exceeds the 
five percent level it is proper to recognize the existence of some re- 
sponse at the point concerned. ‘This test of significance simply estab- 
lishes that the tension level at the designated point is significantly 
greater than the ‘rest’ level, and would not in itself warrant the 
recognition of a second response. In view of the results of Experi- 
ment A, however, we may use the term ‘b-response,’ and examine 
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whether the results of Experiment A are confirmed in Experiment B, 
so far as the two develop. (Since it will be shown in the following 
that the b-response is a function of certain variables, it could also be 
argued that its existence is thereby implied.) 

Tables VIII and IX contain the data for the b-response handled 
in the same manner as was the a-response in Tables V and VI. The 
measure here used is the maximum reading between the 12th and 


TABLE VIII 


Tue B-RESPONSE IN THE RiGut Arm Microvo.ts INCREMENT—EXPERIMENT B 




















Parts of Series I II lil Mean 
Both Arms A 3.8 C 21 D 2.5 3.1 
Relaxed B t7 E 34 F 5.0 
Right Relaxed . 63 B 2.4 A 2.2 2.8 
Left Tense D 2.2 F 1.4 E 2.3 
Right Tense E 5.9 A 3.3 BOS. 5.0 
Left Relaxed F 5.6 D_ 5.0 C 48 

Mean 3-4 2.9 3.6 3-4 

















TABLE IX 


THE B-RESPONSE IN THE Lerr Arm Microvo.ts INCREMENT—EXPERIMENT B 





























Parts of Series I II Ill Mean 
Both Arms \ 6.5 ~ 6 D 2.2 2.7 
Relaxed B 3.2 E 5 F 2.3 
Right Relaxed C 29 B 2.6 A 5.6 3.2 
Left Tense D = 2.2 F 4.3 E 1.5 
Right Tense E 1.4 A 2.1 B 1.0 1.8 
Left Relaxed I 3.1 D 1.7 & ta 

Mean 3.2 2.1 2.3 2.6 














20th, minus the second reading, and the purpose here is to examine 
the effects of tension conditions and of stimuli repetition on the 
b-response. The resulting F-ratios are: 

When both sources of error variance are considered together the 
tension effect for the right arm is practically at the one percent level, 
and the other levels or significance are unchanged. ‘There is no evi- 
dence then for any effect of stimulus repetition on this response. If 
the averages in the first columns of Tables VIII and IX are separated 
into their three constituents, and averages are obtained for the first, 
second, and third presentations, there is some indication of an adap- 
tation effect of small magnitude, which is not, however, statistically 
significant in the present case. 








R. C. DAVIS 
TABLE X 





Resutts oF ANALYSES OF VARIANCE OF Data or TaBLes VIII anno IX 











F-ratio Minimum F-ratio Minimum 
(Intra-group) Level of (Inter-group) Level of 
(2-8 d.f.) Significance (2-5 d.f.) Significance 
Right Arm 
Adaptation .26 <5% 1.11 <5% 
lension 4.65 5% 19.8 1% 
Left Arm 
Adaptation 2.24 <5% 45 5% 
lension 3-34 <5% .66 5% 

















The results of Experiment A concerning adaptation are therefore 
confirmed. With the a-response showing adaptation and the b- 
response little or none in those data, opportunity is offered to check 
the interpretation that the response curve will show two peaks when 
the a-response is reduced. Accordingly, response curves like those 
in Fig. 2 were computed for different stages of adaptation. The 
a-response should be small under relaxation conditions and after adap- 
tation, and the b-response should appear as a second distinct peak. 
‘This is indeed the case: two peaks appear with an interval of approxi- 
mately rest level tension between them. In other words, because the 
first and last peaks of the response curves have different determiners 
it can be understood why the curve will sometimes show a rise only 
in the first, sometimes only in the second, and sometimes in both. 

It is clear, on the other hand, that the several tension states do 
produce differential effects on the b-response in the right arm. ‘Taken 
by themselves the F-ratios for the tension effect on the left arm 
indicate that the results could be explained as the operation of error 
factors. It is also possible, of course, that there is a real effect of 
tension, though too small to be distinguished from the error factors 


TABLE XI 


RELATION OF A- AND B-RESPONSES TO IPSILATERAL AND CONTRALATERAL 
Pre-Stimu.us TeENsIoN. ExpeRIMENT B 






































Reciprocal 
Ipsilateral prom of Contra- a- b- ; 
Tension Te wn - lateral Response | Residuals* | Response | Residuals* 
— Tension 
Right Arm 4-4 3.8 .26 3.3 3 3.1 fj 
Response 4.9 5.8 17 3.0 —.8 2.8 —.2 
8.1 4.0 25 8.4 .2 5-0 0 
Left Arm 3.8 4-4 23 3.1 8 2.7 off 
Response 5.8 4.9 21 4.7 —.2 3.2 —.2 
4.0 8.1 12 1.9 — .6 1.8 —.6 
* From regression lines. See text. 
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by this amount of data. The latter interpretation accords well with 
facts uncovered in the following section. 

The relation to induced tension. The devices used to induce 
tension were not, of course, equally effective in all the experimental 
conditions, and it is consequently of interest to examine the quan- 
titative relation between tension level and the responses. In Table 
XI the two responses are compared with the pre-stimulus tension 
levels in the ipsilateral and contralateral arms. ‘The response meas- 
ures used are the maximum already described and the tension level 
is that at reading 2. Both a- and b-responses show a close relation 
to the amount of ipsilateral tension. ‘The correlation coefficients are 
.g97 and .95 for the a- and b-responses, respectively. The regression 
equations are 

a = 1.391 — 3.08 
b= .62I1— .12 


where a and b are the two responses, and I[ the initial ipsilateral 
tension. ‘These relations being as close as they are, it is surprising 
to find that the residuals (deviations from the regression line) also 
show systematic variation. ‘They do, however, show a non-linear 
inverse relation to the contralateral pre-stimulus tension and a direct 
linear relation to its reciprocal. (These variables are also shown in 
Table XI.) The latter relation is measured by a correlation coeffi- 
cient of .77 for the a-residuals, and .84 for the b-residuals, with the 
following regression equations: 





a-residual = zs — 2.0 
b-residual = iA — 1.5 


A combination of the first and second order equations should give the 
best representation of the relationships of the responses. "These com- 
bined equations are: 





bom £5442 ~ of 





The accuracy with which they predict the results may be seen in 
Fig. 4. 

(The correlation between I and I/C is slightly negative, but too 
small to be regarded.) 

The implication of the foregoing analysis is that both motor re- 
sponses follow the excitation pattern already in existence at the time 








272 R. C. DAVIS 


the stimulus is delivered. ‘The response in any one location will 
depend directly on the prior excitation at that location, but will be 
slightly inhibited by prior excitation in a contralateral location. The 
total of responses in both locations considered will vary closely with 
the total prior excitation, but in non-linear fashion because of the 
contralateral inhibition effect. In case of unequal prior excitation 
the geographical pattern of the response will be similar to that of the 
prior excitation, but will be somewhat more sharply concentrated in 
one locale, again because of the contralateral inhibitory effect. As 
would be expected the results of this experiment fulfill these pre- 
dictions. 
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Fic. 4. Experiment B. Actual mean responses compared with those predicted from 
iinal regression equations. (See text.) 


The factors which were held constant should be noted. Stimulus 
intensity and other characteristics were experimentally held constant; 
adaptation, individual differences and intra-individual variations were 
eliminated from the results by the experimental design and statistical 
procedure. Aside from these controlled factors it is clear that there 
are none of importance in this experiment which will influence the 
responses except such as operate by changing the level of pre-stimulus 
tension. 

It seemed possible that this relationship to pre-stimulus tension 
might also account for the decline of the a-response with stimulus 
repetition. The amount of tension induced by the instructions does 
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fall off through the series of trials. But the decline is not nearly 
enough to account for the much greater falling off of the a-response. 
There must be an independent adaptation effect for the a-response. 


DISCUSSION 


A general interpretation of the two responses of course must be 
postponed until more facts are available, but the application of the 
present results to the questions raised at the outset may be considered. 
Within the range of stimuli used there is a somatic response—really 
two responses—when the individual is under instructions to do 
nothing in response to the stimuli. This fact contributes to the 
understanding of metabolic, distractive and dynamogenic effects of 
sound stimuli. ‘The role which these muscular reactions play in more 
specific responses to sound will be discoverable when their determining 
factors are known. Only the a-response has been shown to be affected 
by stimulus characteristics (intensity, repetition); what will happen 
with a wider range of stimulus variation remains to be seen. It may 
be that, under the conditions of the present experiments, b-responses 
lie on a rather flat portion of a complete curve of such functions. 
The antecedent condition of the organism, on the other hand, has 
been shown to play a major role in determining not only the size but 
also the nature (spatial distribution) of both responses. The stimulus 
enhances tension wherever tension previously exists, and enhances it 
more when the original tension is highly localized. An interpretation 
might be that a sound will reinforce any muscular activity already 


in progress, but reinforce it in differential fashion, so that it becomes 
more simplified. 


So far as they went, the results the writer reported in the earlier publi- 
cation are in agreement with those of the present study. A comparison 
of these with the description of the startle pattern given by Strauss (12)° 
and Landis and Hunt (10) raises some interesting problems. Landis and 
Hunt’s identification of the ‘muscular tension reflex,’ as the a-response was 
called in the earlier publication, with a part of the startle pattern seems 
reasonable because the a-response occurs at about the same time as the 
startle pattern reaches the arm. It is, however, a response on the ‘implicit’ 
level, and the two seem to have different properties. Adaptation of the 
a-response will reduce it practically to zero in all Ss, while Strauss, Landis, 
and Hunt found the response in some Ss quite resistant to stimulus repe- 
tition. Preliminary position and tension are very effective in influencing 
the a-response, while earlier investigations reported that it had no effect 
on the startle reaction. Strauss, however, found that a movement in 
progress would prevent the startle reaction in the part moving. Except 
for these and some cases Strauss calls ‘atypical,’ the response is described 
by these investigators as always symmetrical. Disregarding the possibility 
that photographs might not reveal quantitative trends, the difference in the 
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intensity of the stimulus in this and former studies may explain the differ- 
ence in results. With a stronger stimulus possibly the response is not only 
increased, but also more stereotyped and less subject to modifying influences. 

In the earlier studies there are also reports of a second response. Strauss 
found these occurring occasionally. ‘They are described as unsymmetrical 
and classified into four types, depending on the direction of movement. 
Landis and Hunt suggest a classification of curiosity, fear, annoyance and 
overflow effects, plus two more stereotyped varieties which do not fit the 
classification. If one considers all responses which follow the stimulus, 
however remote, particularly in the social situation produced when an £ 
is present, a great variety would be expected. In general discussion Landis 
and Hunt remark that it is in the ‘gap’ between “‘primitive individual re- 
sponse and social stereotype” that their secondary behaviors lie. The 
b-response of the present study is possibly one that would develop into 
these ‘intermediate’ responses with a stronger stimulus. With electrical 
recording methods it may be found more generally present than photog- 
raphy would show, and the postural effects here described may account for 
some of the variety found by both Strauss and Landis and Hunt. 

Double responses to single stimuli have been found in several other 
instances. ‘The ‘fast type’ and ‘slow type’ of conditioned knee jerk reported 
by Wendt (13) have latent periods about the same as that of the a- and 
b-responses. Whether conditioning is necessary to establish the b-response 
is, of course, unknown. The bimodal distribution of eyelid reaction 
latencies reported by Grant (7) would signify, as he points out, the existence 
of two varieties of response, which differ further in that the one of larger 
latency is subject to sensitization. Latent times for these eyelid responses 
seem somewhat shorter than those for the responses here studied, showing 
a difference which should probably be expected between an eyelid and an 
arm reaction. Possibly the occurrence of double responses to single stimuli 
is more usual than has been thought. 


SUMMARY 


‘To study possible motor responses to sensory stimuli two experi- 
ments were conducted in which there was a recording of muscular 
action potentials in both forearms under loud sound stimulation, the 
Ss being under instructions to do nothing in response to the stimuli. 
An increment in action potential over the immediate pre-stimulus 
level was considered to be a response. ‘The first experiment was 
designed to study the nature of the response and the effects of stimulus 
intensity and repetition on it. The second was to investigate the 
effects of pre-stimulus tension pattern upon the response, and used 
states of induced tension in the left and right arms, in addition to a 
‘normal’ condition. ‘The following results were obtained: 


1. Stimuli of the sort used here may be said to produce two re- 
sponses, called a and b, since two parts of the over-all response curve 
have different functional relations. 
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2. The a-response has a latency of about 0.1 sec., reaches its peak 
during the next 0.1 sec. after the stimulus onset, and in large part 
disappears during the next 0.5 sec. 

3. [The a-response shows marked and rapid adaptation, practically 
disappearing with a half dozen stimulations two min. apart. 

4. The a-response varies with stimulus intensity, and probably 
would not appear with a stimulus of much less than the go-100 db. 
at 500 cycles here used. 

5. The b-response, the latency of which cannot be determined 
exactly from these data, reaches its maximum generally about one 
sec. after the onset of the stimulus, and on the average stays at that 
level for about another sec., thereupon declining. 

6. The b-response is not affected by stimulus intensity or repe- 
tition within the limits of the experiment. 

7. Both a- and b-responses are closely related to the state of 
tension existing just before the delivery of the stimulus. The size of 
both reactions is a function of this tension level, and the geographical 
patterns are dependent upon it. The response pattern is not, how- 
ever, in simple conformity to the pre-existing tension pattern: response 
excitation in one location is facilitated by ipsilateral tension and 
slightly inhibited by contralateral tension. 


These responses are probably related to some previously studied 
by other methods, but a complete theory must await more infor- 
mation. 

(Manuscript received June 26, 1947) 
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THE RELATIONSHIP BETWEEN UNIMANUAL AND 
BIMANUAL HANDEDNESS * 


BY ARTHUR H. DAVISON ** 


From Psychological Laboratory, University of Iowa 


INTRODUCTION 


The question with which this investigation is chiefly concerned is 
that of the relationship between unimanual and bimanual handed- 
ness. Is there a right-handed and a left-handed way of performing 
a given bimanual activity, such as sweeping with a broom, for ex- 
ample, or using a shovel? 


A review of the literature reveals that apparently this question has never 
been approached on a clearly empirical basis. Studies which have dealt 
with bimanual activities have seemed to involve the unexamined assump- 
tion that there is a right-handed and a left-handed way, universally agreed 
upon, to perform such activities, and investigators have proceeded, without 
testing this assumption, to determine ‘bimanual handedness.’ In testing 
bimanual handedness, for example, Ojemann (9) used four tests. These 
were sweeping, raking, shoveling and batting; and they were scored as 
indicating right- or left-handedness according to whether the S held the 
right or left hand nearer the ‘business’ end of the instrument and did the 
work on the right or left side of the body. Rife (10) and Downey (1) had 
earlier used this same procedure and found that the majority of their Ss 
swept left-handed. Rife’s conclusions were based upon general observa- 
tions without experimental or statistical refinements. Ojemann obtained 
results similar to these of Rife and Downey. He concludes that the cus- 
tomary classification as applied to sweeping, raking and shoveling cannot 
be very serviceable. Therefore, he reverses the customary classification of 
handedness as applied to these activities. The unexamined assumption 
that there are right-handed and left-handed ways to perform bimanual 
activities still remains, however. 

Ojemann (8) in testing unimanual handedness used five tests. These 
were ball-throwing, needle-threading, tapping, paper-cutting and block- 
packing. When the combined scores on the five tests were presented 
graphically, the resulting curve was bimodal. Ojemann concluded that 


* This article is a major portion of a thesis presented to the faculty of the Department of 
Psychology of the State University of Iowa in partial fulfillment of the requirements for the 
M.A. degree. The writer is indebted to Professor Wendell Johnson who directed the study, 
to Professor C. E. Buxton for suggestions concerning the unimanual handedness questionnaire 
used in the study, and to Professors C. R. Strother and J: B. Stroud for allowing the F to select 
Ss from their classes in elementary psychology. 

** Purdue University, Lafayette, Indiana. 
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handedness is distributed bimodally, and relatively few individuals are 
ambidextrous. If a relationship exists between unimanual and bimanual 
handedness this dichotomy may carry over into bimanual activities. 

Johnson and Duke (4) measured hand usage in fifty six-year-olds in 
terms of the dextrality quotient, the dextrality quotient being the percent- 
age of the total achievement involved in any test of handedness which is 
to be credited to the right hand. In a later study by Johnson and Duke 
(5), revised dextrality quotients of six-year-olds were obtained. The 
authors found evidence indicating that handedness, in terms of hand usage 
as measured by them, is largely learned. Moreover, they found the distri- 
bution of the dextrality quotients to be skewed and essentially unimodal. 
This contradicts the findings of Ojemann and may be expected to have the 
reverse implications for bimanual handedness. 


PROBLEM 


In the present study an attempt is made to determine the extent 
to which highly right- and left-handed individuals, as classified with 
reference to unimanual activities, can be differentiated with respect 
to the way in which they perform specified bimanual activities. A 
secondary consideration is that if there are bimanual performances 
which do serve to differentiate unimanually right- and left-handed 
persons, such performances should provide a means of defining opera- 
tionally, and so of measuring, right and left bimanual handedness. 


SUBJECTS AND PROCEDURE 


Unimanual hand usage questionnaires were administered to 386 students enrolled in the 
elementary psychology courses at the State University of Iowa in an effort to select from this 
sampling two groups of Ss, highly right-handed and highly left-handed individuals. The final 
selection consisted of 50 S, 25 of whom were considered highly right-handed and 25 of whom 
were considered highly left-handed with respect to unimanual activities. Of the 25 right-handed 
Ss, 12 were males and 13 were females. Of the left-handed group, 8 were males and 17 were 
females. 

The hand usage questionnaire covered 25 unimanual activities, and is a modification of that 
devised by Koch (7). For her total series of tasks Koch obtained a reliability coefficient of .925, 
and responses to her questionnaire and actual performance tended to agree 76 to 94 percent of 
the time, showing a rather high degree of validity. 

The questionnaire was scored by assigning weights ranging from —2 to +2 according to 
whether the S indicated that he performed a particular activity, for example, throwing a baseball, 
consistently with the left hand (—2), consistently with the right hand (+2) or with either hand 
(0). Scores of —1 and +1 were assigned to those activities which the S indicated that he per- 
formed most of the time, but not always, with the left or right hand. The sum of these weights 
was then divided by the number of items to give a handedness index. Thus, an index of —2.00 
would indicate the maximum degree of left handedness that could possibly be attained on the 
questionnaire, and an index of +2.00 the maximum possible degree of right handedness that 
could be attained. The mean handedness index for the right-handed group was 1.83, and the 
mean index for the left-handed group was —1.53. The standard deviations for the two groups 
were .17 and .27, respectively. 

Having selected the Ss on the basis of scores on the unimanual questionnaire the next con- 
sideration was to construct a battery of bimanual activities. The battery that was constructed 
consisted of 20 fairly common activities in which both hands participated. The manner of 
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shifted by an amount proportional to the increase in the level of the 
noise. The curve shown in Fig. 2 is typical of all the curves of that 
nature obtained in these experiments. 

Since the primary purpose of the experiments was to determine 
the relation between the masked threshold and tonal duration, it was 
decided to average all the scores for the four highest noise levels. 
This procedure provided more reliable threshold measures. Table 
I gives the average threshold values for all the frequencies and dura- 


TABLE I 


Tue RELATION BETWEEN TONAL DURATION AND THE SIGNAL-TO-NoISE 
Ratio Necessary FOR Minimum DETECTABILITY 


Noise is measured in terms of energy per one-cycle band widths. 

















| 
—— 400 cps 670 cps 1000 cps 1900 cps 
12.5 33-9 33.8 31-9 33-1 
25 30.7 30.2 29.8 30.8 
50 26.9 26.9 26.0 28.7 
100 24.1 24.3 23.4 25.8 
200 20.2 21.3 20.3 22.7 
500 18.5 18.8 18.0 21.3 
1000 16.5 17.0 18.4 21.3 
2000 16.5 17.1 17.5 20.7 
inf. 14.9 15.7 16.8 20.2 











tions used. It will be noticed that a value for infinite time is pre- 
sented in the table. This value is not empirically determined, but 
has been computed, and the meaning of the computed value will be- 
come clearer in the discussion. These same values have been plotted 
in Fig. 3, with a different symbol for each frequency. Although the 
points for each of the four frequencies do not fall on the same line, 
they all present so nearly the same general shape that it seemed per- 
missible to draw one curve through all the points. The curve as 
drawn has no theoretical significance, but is merely the best visual fit. 

The most significant fact about these data is the linear relation 
between the logarithm of duration and threshold intensity (expressed 
in decibels) for tonal durations of less than 200 msec. Furthermore, 
the slope of this line indicates that there is linear integration of acous- 
tic energy up to durations of 200 msec. Thus when the duration is 
increased by a factor of 10, the S/N ratio is decreased by 10 db, which 
is also a factor of 10 in terms of acoustic energy or in terms of instan- 


taneous electrical power. The equation for the linear portion of the 
curve below 200 millisec. is 


S/N + 10 logit = 44.2, 


where S/N is the signal-to-noise ratio expressed in decibels, and ¢ 
is duration of the tone in msec. 
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Above 200 msec., the curve gradually flattens out until there is 
relatively little change in the S/N ratio when the duration of the tone 
is increased by fairly large amounts. ‘The integration can be con- 
sidered effectively complete after about one sec. Any further in- 
crease in duration has practically no effect on the stimulus intensity 


required for minimal audibility. 
Discussion 


The practical problem is simply the determination of how much 
loss in sensitivity one ought to expect if the duration of a signal is 
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Fic. 3. The relation between the masked threshold of a pure tone and its duration. 
Noise energy for the S/N is in terms of energy per one-cycle band widths. Each plotted 
point is the average of measurements for the four highest noise levels, i.e., is the average of 160 


observations. The heavy line is a visual fit of the data, and the dashed line is the extension of 
the curve which represents linear integration. 





decreased. The theoretical problem is more than that. What we 
should like to know is the manner in which the ear integrates acoustic 
energy. Is it a simple linear integration, occurring only within 
limited ranges, or is the relation more complicated? 

Thus far the data have been presented on log-log plots. An ex- 
amination of the linear relation between the two variables sheds some 
light on the general problem. Fig. 4 shows this relation for the 1900 
cps tone. ‘Time in this case has been plotted on a linear scale, and 
the decibel readings for the S/N ratios have been converted into 
equivalent linear units, the conversion being on the basis of energy, 
and not pressure. As the time gets shorter and shorter, the stimulus 
intensity required for the tone to be heard becomes much greater, 
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and the curve seems to be approaching zero time as its asymptote, 
with infinite intensity. On the other hand, the threshold becomes 
lower and lower as the time is increased, but the curve does not seem 
to be approaching zero intensity as its asymptote. Rather it seems 
to approach some finite value of stimulus intensity. Altogether, how- 
ever, the general shape of the curve is certainly that of the usual re- 
ciprocal relationship. 

From the shape of this curve, it seems quite possible that there is 
some sort of linear integration, although the integration does not start 
with any arbitrary zero intensity, but with some value which is effect- 
ively zero for the ear. If this is correct, we should no longer expect 
that the relation between time and intensity would be Jt = C, which 
is a statement of perfect linear integration. 
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Fic. 4. The relation between the masked threshold of a pure tone and its duration. 
Both stimulus intensity and time are plotted on linear scales. 


Hypothesis: There 1s certain minimal stimulus intensity (Io) which 
1s not an effective stimulus for the ear. The ear will, however, integrate 
all stimulus energy above this minimal value, and this integration 15 


linear with time. Expressed in mathematical form, the following 
relation should be true. 


t(1+ 1h) =C. 


In this equation, ¢ is linear, and both / and J» are expressed in terms 
of energy. 

It should be noted that this equation is of the same mathematical 
form as that used by Hecht (5) to express the same relation for vision, 
although the general equation is derived on the basis of an entirely 
different logic. Hecht states the equation in the form Jt = C + Dt, 
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in which the constant D is small compared to the constant C. This 
constant Disa result of an adaptation process going on with time, and 
the quantity Dt will have very little effect when ¢ is small, but will 
have progressively more effect as ¢ gets larger and larger. Wald (8) 
has also stated a similar equation, on still other grounds, to express 
the relation between visual area and threshold. 

In order to test this hypothesis graphically, several mathematical 
transformations of the data were required. First, for each S/N ratio, 
for each of the four frequencies, the equivalent linear quantity (in 
terms of energy) was computed. With these linear values, the as- 
ymptotic value for each of the four frequencies was then computed by 
the method of least squares. The quantity J — J) was then deter- 
mined by subtracting the computed asymptotic value from each 
linear value of stimulus. If the relation t (J — Jo) = C is a true re- 
lation, then a log-log plot of the value J — J) and t should be a straight 
line, since log t + log (J — Ip) = log C. Each value of J — Jo was 
therefore reconverted into an equivalent decibel scale, and plotted as 
a function of the logarithm of time. This plot is shown in Fig. 5. 
Each of the four curves has had its time scale shifted to some extent, 
so that the intercept constant of the four curves is the same, and they 
can all be fitted with the same straight line. 
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Fic. 5. The relation between the duration of a tone and the masked threshold in terms 
of I = I 0- 

This graph is a test of the hypothesis that the ear integrates acoustic energy linearly above a 
stimulus value which is effectively zero for the ear. The plotted points in this curve are derived 
from the data of Fig. 3, and each of the four curves for frequency has had its time base shifted to 
equate the intercept constants. 


The straight line drawn in Fig. 5 is the theoretical line which all 
the points should fit if the hypothesis is perfectly substantiated. 
Although the fit is far from perfect, it is nevertheless clear that, ac- 
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cording to this hypothesis, acoustic integration by the ear continues 
well beyond 200 msec. It should be remembered that in assuming 
linear integration, there is only one degree of freedom allowed in 
fitting the data to the curve. The intercept constant is that degree 
of freedom. If a second degree of freedom had been allowed, in the 
form of a slope constant, then the fit would have been even more 
adequate. 

Another interesting fact about this particular hypothesis is that 
the intercept constants for the four curves are quite similar. These 
constants are (expressed in terms of the logarithmic statement of the 
equation) 43.6, 43.5, 42.3, and 43.9 for the frequencies 400, 670, 1000 
and 1900 cps respectively. In the plotted form, all the data have 
been corrected so that each curve has the same intercept constant. 


Crozter’s statistical theory 


Crozier’s theory (2) states in essence that the relation between 
stimulus threshold intensity and stimulus duration is such that if 
the reciprocal of J is plotted as a function of the logarithm of t, the 
resultant curve should be the normal probability integral. This rela- 
tion is expected on the assumptions that the thresholds of neurons are 
normally distributed, and that this distribution is reflected when 
sensitivity (1/J) is plotted as a function of duration. Crozier’s theory 
has seemed adequate for many kinds of visual data, and it seemed pos- 
sible that these data could be fitted by his hypothesis. 

To test that hypothesis the reciprocals of all the data points were 
computed, and these scores were then changed into percentage scores 
so that they could be fitted on a probability grid. In order to change 
the scores into percentages it is necessary to have some value for 100 
percent integration, and the reciprocals of the previously computed 
asymptotic values were used. In order to have all the scores fall on 
the same curve, it is necessary to have identical slope and intercept 
constants. With anormal probability integral the intercept constant 
is equivalent to the mean of the distribution, and the slope constant 
is equivalent to the standard deviation of the distribution. All time 
values, therefore, were converted into what are essentailly standard 
scores so that the mean and intercept constants would be the same. 

These corrected data are plotted in Fig. 6, and the straight line 
drawn there is the theoretical curve which all the data should fit if 
the hypothesis is substantiated. It can be noticed that this fit is 
about equally as good as that of the previously tested hypothesis. 
The main difficulty with this test is that only one or two points go 
beyond +1 standard deviation in the distribution, and the last six 
points all fall on the same side of the theoretical curve. Since very 
little curvature occurs in the normal curve up to one standard de- 
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viation, these data should not be considered an adequate test of the 
hypothesis. 

It should be pointed out that this test allowed one more degree 
of freedom in its fit than did the previous hypothesis. Neither the 
slope of the curve nor the intercept constant were fixed by the hypoth- 
esis, so that the data were in effect both rotated and shifted in order 
to fit the hypothesis. The previous hypothesis, it will be recalled, 
allowed only one degree of freedom in its fit. 
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Fic. 6. The relation between the duration of a tone and the masked threshold in terms of 
probability theory. 
This graph is a test of Crozier’s statistical theory. The plotted points in this curve are de- 
rived from the data of Fig. 3. The reciprocal of / in terms of percentage has been plotted on a 


probability grid, and the values of time have been changed so that each of the four curves has the 
same slope and intercept constants. 


In graphically testing the hypothesis of a sigmoid fit, it is neces- 
sary, of course, to convert sensitivity scores into equivalent percent- 
age scores, and this requires, as mentioned previously, a value for 100 
percent. For that value, we chose the reciprocal of the previously 
computed asymptotes for each of the curves. It might be felt that 
in using that value, we were not doing full justice to Crozier’s hypoth- 
esis. We have tried other values for 100 percent sensitivity, however, 
and the reciprocal of the computed asymptote provides the best fit of 
these data to Crozier’s hypothesis. 
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Comparison of the two hypotheses 


From the data available with these experiments, the two hypoth- 
eses seem about equally well substantiated. There are, however, 
certain mathematical relations between these two curves which should 
be discussed. 

If we have a relation such that /t = C, and if we plot the recip- 
rocal of J as a function of linear t, then we will have a straight line 
relation, with the reciprocal of J becoming larger with increases in t. 
The slope of this line will depend on the constant C. If, however, we 
plot the reciprocal of / as a function of the logarithm of t, then we will 
have a monotonic rising function with a positive acceleration, and this 
curve will resemble greatly the lower part of a sigmoid curve. The 
top of the curve, under these conditions will continue to rise to in- 
finity. 

On the other hand, if we add a constant to J, and then plot the 
reciprocal of J + C as a function of the logarithm of t, then as J gets 
smaller and smaller, the value of 1/(J + C) approaches the value of 
1/C, and we have provided an asymptote for the reciprocal of /. 
Then the curve will no longer extend to infinity, but will bend over, 
approaching the asymptotic value. Thus the curve starts with a 
positive acceleration, then changes to a negative acceleration with an 
asymptotic value. This, of course, is exactly what the normal prob- 
ability integral does. 

Thus, any data which fit the equation t(J — Jy) = C will also fit 
fairly well the requirements of the normal probability integral, since 
when we plot 1//J rather than 1/(J — Io) we have essentially added 
the constant necessary to provide the curve with an asymptotic value. 
Data which fit one or the other of these hypotheses will, of necessity, 
also fit the other hypothesis with some degree of adequacy. On this 
basis alone, then, it is difficult to choose between the two. 

However, the assumption of linear integration for all intensities 
above an absolute minimum intensity is more stringent in its require- 
ments, and seems simpler in principle than the assumption of an in- 
tegration with respect to logarithmic time. Until more direct evi- 
dence is available, the elaborate and ingenious formulation proposed 
by Crozier should probably be regarded with a certain cautious con- 
servatism. 


SUMMARY 


In these experiments, the relation between auditory sensitivity 
and the duration of a pure tone was measured. Four different fre- 
quencies (400, 670, 1000 and 1900 cps), and eight different tonal dura- 
tions (12.5, 25, 50, 100, 200, 500, 1000, and 2000 msec.) were used. 
Because of the difficulties involved in measuring the threshold of 
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hearing in the quiet with any degree of precision and reliability, the 
masked threshold was determined with a white-noise masking spec- 
trum. ‘The following results and conclusions are presented: 


1. The ear integrates acoustic energy linearly up to 200 msec., for 
when the duration is decreased by a factor of 10, sensitivity is de- 
creased by 10 db. 

2. For durations longer than 200 msec., the change in sensitivity 
is slight, and acoustic integration may be considered complete at 
approximately one sec. 

3. The hypothesis is presented that the auditory system integrates 
acoustic energy linearly, if the zero intensity is regarded as that in- 
intensity which is effectively zero for the ear. The data substantiate 
this hypothesis fairly well. 

4. Crozier’s statistical hypothesis is also tested, and the data fit 
that hypothesis as adequately as they fit the previous hypothsis. 

5. Mathematical relationships between the two hypotheses are 
shown such that if the data fit one hypothesis, they must of necessity 
fit the other. 


(Manuscript received August 1, 1946) 
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Fic. 2. Graphic representation of the mean number of first-choice errors at the four choice 
points during the first one-fifth, the next two-fifths, and the final two-fifths of learning trials. 


The means are based on errors made by 50 animals. 


Fig. 2 and 3 show the development of the error gradient as learning 


progresses. 


At the beginning of training (during the first one-fifth 


of the trials) the error curve slopes consistently downward from the 


TABLE II 


Data on THE Mean NuMBER OF FirstT-cHotcE Errors Mape at Eacu Cuotce Point sy 
50 AntmaAts DurinG THE LAsT ONE-FIFTH OF THE TRAINING TRIALS 














Choice Pairs of : 
Point Mean ” 7M Choice Diff. odiff. C.R. P 
° Points 
I 528 093 I, Il —.30 | .284 128 2.22 .99 
II 244 453 065 I, Ill —.25 | .172 149 1.15 .87 
III 356 7 .095 I, IV —.15 | .248 164 1.51 93 
IV .776 851 122 Il, Til —.03 | .112 117 .96 83 
II, IV 03 | .532 136 3.91 | 1.00— 
III, IV -29 | .420 131 3.21. | 1.00- 
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ssi Crolce pu. * the |, hy the foll) «og two-fifths of the 
training trials there is a marked drop in the number of errors made at 
the second choice point and a smaller drop in the number made at the 
third choice point.4 This produces an upward tilt in the graph from 
the second choice point to the fourth. ‘Thus far our results are 
largely in agreement with those of Sprow (7, p. 202, Fig. 3). How- 
ever, in the final two-fifths of training slightly more errors are made 
at the fourth choice point than at the first, a reversal of the previous 
tendency. 
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Fic. 3. Graphic representation of the mean number of first-choice errors at the four choice 
points during the final one-fifth of learning trials. The means are based on errors made by 
animals. 


5° 


During the last one-fifth of training (Fig. 3) the difference in 
number of errors made at the first and fourth choice points becomes 
even more marked than during the last two-fifths. Furthermore, 
the second choice point continues to have the fewest errors in the 
last stages of training. ‘These results differ from Sprow’s. ‘The dif- 
ference may be summarized by the observation that the general 
tendency of Sprow’s data for the last stages of learning is to show 
more errors at choice point [ than at choice point IV, while the general 
tendency of our corresponding data is the reverse of this. 


DISCUSSION 


At the very beginning of training, when the S has to learn a new 
path through the maze (since he was never trained to go through a 


‘The reader should note that the increased number of errors made at the first and fourth 
choice points does not represent poorer performance. The first one-fifth of trials is being com- 
pared with the next two-fifths, and therefore an equal number of total errors does not represent 
an equal number of errors per trial. 
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door for which he had shown preference on the habituation trials), 
each correct response at a choice point contributes greatly to the 
probability of a correct response at the next choice point on the same 
trial. ‘Thus, the eventual successful choice at the first choice point 
makes success at the second choice point more likely, success at the 
second choice point makes success at the third more likely, and so 
forth. For this reason the error gradient during the earliest stage of 
training would be expected to fall continuously from the first choice 
point toward the fourth choice point. This expectation is fully con- 
firmed, as may be seen in the error gradient for the first one-fifth of 
training trials (Fig. 2). 

As training progresses the transfer effect from one choice point to 
the next becomes less and less marked and other factors become more 
important. ‘The two principal factors are the type of reinforcement 
and the effect of stimulus generalization. 

1. The effect of serial reinforcement.—It will be recalled that in 
serial reinforcement, reward is given after each choice point. It is 
assumed that each of these rewards produces a gradient of reinforce- 
ment (3, pp. 135-164) extending backward from the point of reward 
toward the beginning of the maze. Thus, there are four reinforce- 
ment gradients of various strengths at the first choice point, three at 
the second choice point, and so forth. These gradients summate to 
produce a gradient of reaction potential which is highest at the first 
choice point and decreases toward the fourth choice point (5, p. 24). 
[In order to distinguish this gradient from the goal gradient we shall call 
it the primacy gradient. Since the number of errors is inversely re- 
lated to reaction potential, the error gradient characteristic of serial 
learning should, other things equal, be lower at the first choice point 
than at the last. 

2. The effect of stimulus generalization.—Because the choice points 
of the maze are as nearly identical as possible, almost perfect stimulus 
generalization should occur, i.e., a reaction learned at one choice point 
should be evoked at any other (3, pp. 183-203). However, the situa- 
tion is complicated by the presence of perseverative stimulus traces 
(3, p. 385), which do not remain the same from one choice point to 
the next. Now, studies involving heterogeneous responses permit 
the independent recording of the various generalization gradients i1n- 
volved in such a situation (4, 5) because the responses are all different 
and so distinguishable. These studies show that a double general- 
ization gradient arises at each point of reinforcement, decreasing in 
both directions but more rapidly toward the posterior end of the maze 
(4, p. 128). Since a homogeneous reaction chain consists of a series 
of similar or identical acts, a response which is correct at one choice 
point is also correct at all others. Therefore, generalization facilitates 
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homogeneous learning. Since overlapping generalization gradients 
summate, the four generalization gradients produce a composite gen- 
eralization gradient which is highest between the second and third 
choice points and decreases toward both ends. ‘The effect of this 
composite generalization gradient is to make errors less likely in the 
center sections of the maze than at the two ends. 

The combined effect of reinforcement and generalization in this 
situation is to produce an error distribution which is lowest at the 
second choice point and rises toward both ends, with its highest value 
at the fourth choice point. This error gradient produced jointly by 
serial reinforcement and generalization arises slowly in the course of 
learning and does not overcome the initial gradient (first one-fifth of 
the trials) and become fully established until the last stage of training. 
It can be seen most clearly during the last one-fifth of the trials 
(Fig. 3). The primacy component of the error gradient is seen in the 
greater number of errors made at choice point IV than at choice point 
I, and the greater number made at choice point III than at choice 
point IT. 

The reliability of these comparisons is shown by the probability 
values in Table II. While the probabilities (that the results are not 
due to chance) are not great enough to be highly significant, similar 
comparisons in four other studies of serial learning all confirm these 
results. In the portion of Arnold’s study in which he used serial re- 
inforcement of a four-response series where errors in the ordinary 
sense were not possible (1, pp. 60-74), it was found during the later 
stages of learning that the mean reaction latency was greater at the 
fourth manipulandum than at the first, and greater at the third ma- 
nipulandum than at the second. MHull’s study of serial learning (5) 
also showed the same trends. In a three-choice linear maze un- 
published study reported by Hull (6) the first choice point showed 
fewer errors than the last. This was also reported in an unpublished 
study by Virginia Voeks. 

The influence of generalization is seen in the greater number of 
errors made at choice point I than at choice point II and the greater 
number made at choice point IV than at choice point III. As shown 
by the probability values of Table II, both these comparisons are 
highly significant. These results are further confirmed by those of 
Sprow (7) and of Arnold (1, pp. 5-33).° In the latter two studies, as 
in the present one, generalization produces facilitation because the 
reactions are homogeneous. 


5 See also ARNOLD, W. J. Simple reaction chains and their integrations. I. Homogeneous 
chaining with terminal reinforcement. J. comp. physiol. Psychol., 1947, 40, 349-363. See es- 
pecially p. 356. 
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The results of the present study and of the previous studies to 
which we have referred confirm the theoretical principles of serial and 
terminal reinforcement, together with the principles of generaliza- 


tion as stated by Hull. The general experimental results may be 
stated as follows: 


1. Reinforcement.—Yerminal reinforcement produces the greatest 
increase in reaction potential at the posterior end of the reaction chain, 
i.e., at the point of reward. This is the gradient of reinforcement 
(3, pp. 135 ff.), which rises from the beginning to the end of the re- 
action chain whether associated with heterogeneous or with homo- 
geneous responses (2, 4,7). Serial reinforcement produces the great- 
est increase in reaction potential at the beginning of the reaction 
chain, i.e., at the point of first reward, also whether associated with 
heterogeneous or with homogeneous responses as shown by Hull (5) 
and by the present study. 

2. Generalization.—In heterogeneous reaction chains generaliza- 
tion interferes with effective learning. The interference gradient of 
error is low at each end and highest in the center (where interference 
is greatest), whether associated with serial or with terminal reinforce- 
ment (5, 2,4). In homogeneous reaction chains generalization facili- 
tates learning. ‘The resulting gradient of error is high at each end and 
lowest in the center (where facilitation is greatest), also whether as- 
sociated with serial or with terminal reinforcement, as shown by 
Sprow (7) and the present study. 


SUMMARY 


Albino rats were trained to go through the same door at each 
choice point of a four-choice-point linear maze with food reward after 
each choice point. Data from 50 animals are analyzed to show the 
development of the error gradient in the course of learning. The 
gradient develops as follows: 


1. In the earliest stage of training the error gradient falls consis- 
tently from the first choice point to the fourth. 

2. As training progresses, relatively fewer errors are made at the 
second and third choice points, so that the gradient rises from the 
second choice point to the fourth choice point, but continues to fall 
from the first choice point to the second. 

3. In the later stages of learning the errors made at the first choice 
point are eliminated more rapidly than those at the fourth choice 
point, with the result that the final form of the error gradient is 
markedly higher at the fourth choice point than at the first. 
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An interpretation of these phenomena is offered on the basis of 
the primacy reinforcement gradient and stimulus generalization. 


(Manuscript received July 7, 1947) 
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THE ILLUSORY PERCEPTION OF MOVEMENT CAUSED 
BY ANGULAR ACCELERATION AND BY CENTRIFU- 
GAL FORCE DURING FLIGHT. Il. VISUALLY 
PERCEIVED MOTION AND DISPLACEMENT 
OF A FIXED TARGET DURING TURNS! 


BY BRANT CLARK 
San Jose State College 
ASHTON GRAYBIEL 
Naval School of Aviation Medicine and Research 
AND 
KENNETH MacCORQUODALE 


University of Minnesota 


Adequate orientation during flight is a problem of the first im- 
portance for all pilots of aircraft and various methods have been de- 
signed to aid the pilot in making judgments of his position in space. 
In spite of these aids, disorientation is not uncommon, particularly 
during instrument and night flights (2, 6, 10, 11). A systematic in- 
vestigation of this problem of disorientation or ‘vertigo,’ as it is usu- 
ally termed by pilots, has been conducted at the Naval School 
of Aviation Medicine. ‘This investigation has included laboratory 
studies (2, 3, 4, 5,9), reports of pilots’ experiences (11) and studies of 
illusory experiences during flight (2, 6). It is with the third type of 
experiment that this report is concerned. 

Test trials using the method described in Part I (6) of this study 
demonstrated that visual perception in flight is influenced to a con- 
siderable degree by angular accelerations, and by the forces of radial 
and linear accelerations usually referred to as ‘g’ (one ‘g’ equals the 
force of acceleration due to gravity.) It was shown that angular 
acceleration and centrifugal force in amounts produced in normal 
flight induce marked illusory perceptions of both motion and dis- 
placement of an objectively motionless target in the dark. It is the 
purpose of this experiment to define the thresholds, occurrence, 
and the magnitude of these illusory effects while executing coordinated 
turns during flight. 


The experimental work was carried on under the auspices of the Bureau of Medicine and 
Surgery, Navy Department, at the School of Aviation Medicine and Research, Naval Air Station, 
Pensacola, Florida. The opinions or conclusions contained in this report are those of the authors. 
They are not to be construed as necessarily reflecting the views or the endorsement of the Navy 
Department. 
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APPARATUS AND PROCEDURE 


The apparatus and method used here to study the effects of centrifugal force and angular 
acceleration on the binocular perception of an object have been described in detail in Part I (6). 
The S sat in the rear cockpit of an SNJ-6 aircraft and observed a fixed collimated ‘star’ which 
consisted of a spot of light with six radiating lines. The star was observed in complete darkness 
while the S faced straight ahead. The three Ss who made observations were the authors. All 
three had had considerable experience in reporting these effects both in the laboratory and in 
flight (2, 3, 4, 5, 6, 9). 

Each S gave a running verbal account of the apparent movement of the star. This report 
was automatically inscribed on a wire recorder which ran continuously during any given trial 
and hence provided a time line for the reports. The observer reported three things: (a) motion, 
(b) displacement, and (c) rotation of the test object. As in the earlier reports motion referred 
to the perception which defines a body as not being at rest; displacement, on the other hand, 
referred to a change in location; while rotation indicated a turning about a center point in the 
plane of the star’s radiating lines. These three effects could occur together or separately. Direc- 
tion of motion was indicated by reference to the numbers on the face of a clock. The S also 
estimated the amount of rotation and displacement using five-degree intervals from an ego- 
centrically localized ‘true’ position of the star. Although these estimates were entirely sub- 
jective, each S was sufficiently consistent with himself to permit the judgments to be meaningful. 
The presence or absence of these three types of motion were reported at regular intervals through- 
out each trial. 

The pilot indicated critical points in each maneuver by means of a time signal on the wire. 
As the pilot began to drop the wing for each turn he said ABLE into the microphone. BAKER 
indicated that the plane was in the desired attitude for the turn; CHARLIE was said one min. 
after ABLE and indicated that the pilot was beginning to recover from the turn; and DOG 
indicated that recovery was complete, and straight and level flight had been resumed. ‘The 
trials began from straight and level flight which had been maintained for at least 30 sec., and 
each trial terminated after one min. of straight and level flight. The order of the trials was 
random, prearranged in advance by the pilot, and hence unknown to the observer. The follow- 
ing six banks were used: 10°, 18°, 30°, 40°, 50°, 60°. 

The degree of bank was maintained without gaining or losing altitude. This was accom- 
plished in two ways. In the first series of experimental runs, the pilot set the airspeed at 130 mph 
for straight and level flight. As he banked he pulled back on the stick raising the nose of the 
plane. ‘This increased the angle of attack? of the wing, providing greater lift and making it 
possible to maintain the same altitude at the expense of a loss in airspeed. ‘This loss in airspeed 
was negligible for the shallower banks, reaching a maximum of approximately 25 mph at the 60° 
bank. These maneuvers produced a change both in magnitude and direction of the resultant 
force on the body. The magnitude of ‘g’ increased with the secant of the angle of bank. As the 
angle of attack increased, the direction of the resultant ‘g’ force on the S changed to a theoretically 
calculated maximum of approximately 12°. In effect it was as if the S were tilted backward in 
the seat while the direction of the force remained constant. This series of observations will be 
referred to hereafter as the Variable Angle of Attack Series. Twelve trials were flown for each S 
at each degree of bank. 

In a second series of trials the pilot maneuvered the aircraft at the same six banks as in the 
first series, but instead of using a constant power setting and increasing the angle of attack to 
maintain altitude, he began each trial at an airspeed of 100 mph and increased the speed to main- 
tain the necessary lift as he assumed the proper turning attitude. This increase in speed was 
negligible in 10° banks and reached a maximum of 41 mph at the 60° bank. There were 18 
experimental flights (six for each S) with 18 turns to the right and 18 turns to the left for each 
degree of bank studied. This will be referred to as the Constant Angle of Attack Series. 

A third series of tests was also run using the first method of turning, as a control for the 
effect of practice. In this series, tests were flown only at 18°, 40°, and 60°. There were 18 turns 
to the right and 18 to the left for each of the three angles of bank. 

This experimental plan made it possible to compare the illusory effects using two methods of 
assuming a turn. It also gave data concerning the effect of habituation to the experimental 








2The angle between the mean wing chord and the relative wind or essentially the angle 
between the wing chord and the flight path. 
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situation. All data from the wire recordings obtained in flight were transcribed into a written 
protocol in the laboratory. All time relations were made from an arbitrary zero taken at the 
pilot’s signal that the trial had begun. As in the previous study (6), the time for each report by 
the subject was recorded in the protocol to the nearest second, and each record was checked at 
_least once. The analysis of the data was then made from these protocols. 


RESULTS 


The data for the three experimental series are summarized in 
‘Tables I-III. Since the nystagmus resulting from angular accelera- 
tion will cause an apparent motion of the star in the direction of turn 
(3, 4, 6, 9), the data for turns to the right and left have been combined. 
Hence, the analysis of the apparent motion has been in terms of its 
correspondence to the direction of turn. 


TABLE I 
AVERAGE Time INTERVALS FOR VARiOUS SEGMENTS OF THE MANEUVERS 
A-B = time required to attain the turning attitude; B—C = time interval the bank was 
maintained; C-D = time required to resume straight and level flight; A-E = total time for the 
trial. The intervals are indicated in seconds, the acceleration and deceleration in degrees/sec.* 


The g force is the theoretical value for each bank. The lines marked V are for the variable angle 
of attack; the lines marked C are for the constant angle of attack. 














Angle of Bank 10° 18° 30° 40° 50° 60° 
A-B C 1.4 14.2 16.2 18.1 0.9 27.8 
Vi 12.5 13.2 15.8 17.9 21.6 24.2 
B-C C 47.9 45-5 43-4 42.0 37:7 31.0 
V 40.0 46.1 44.7 42.6 38.3 34.8 
C-D 268 11.9 12.4 4.1 15.6 17.9 
V1.0 10.9 13.0 8 12.8 12.7 
A-I C 128.2 129.2 128.1 136.0 135.2 140.4 
V 129.7 128.7 132.3 132.5 131.5 131.6 
\v. acc 
\-B C 0.17 0.25 0.34 0.40 53 0.51 
V0.3 0.21 0.30 0.39 0.50 0.60 
\v. dec 
C-D C o18 0.29 0.44 0.51 0.71 0.79 
Vo.l4 0.26 0.36 0.54 0.85 1.13 
g C&V 1.02 1.05 1.15 1.31 1.56 2.00 























‘The data describing the behavior of the plane are given in Table I. 
The table shows that in banks up to and including 50° the time to 
assume the angle of bank (A—B) and the time to recover (C—D) vary 
little between the methods using the constant and variable angles of 
attack. At 60° the pilot took substantially more time both to attain 
the bank and to recover during the constant angle of attack procedure. 

The calculated average angular accelerations during the turns 
were determined by dividing the average measured velocity of turn 
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at each bank by the time to attain that velocity or to recover straight 
and level flight. This estimate fails to reveal the fact that accelera- 
tion within this period was not constant, and occasionally reached 
very high values. It was used because an accelerometer was not 
available to measure the accelerative forces. For all degrees of bank 
the variation in the average angular acceleration between the two 
methods lies in the second decimal place. ‘This is also true of the 
deceleration from 10° to 40°. In the 50° and 60° banks the decelera- 
tion was much slower in the maneuver which maintained a constant 
angle of attack. The data which describe the behavior of the air- 
craft during the retests did not differ significantly from those obtained 
during the original tests. ‘The maximum ‘g’ forces, being a function 
of the angle of bank, were the same in both situations. It should be 
emphasized that these data represent the means of 36 trials at each de- 
gree of bank and that small variations in the behavior of the aircraft 
within the trials caused some change in the stimulus situation. 

The actual banking movement of the aircraft also introduces a 
rotation about the longitudinal axis of the plane. Its duration is 
coextensive with the time required to set the plane up in the desired 
bank (A-B). The velocity of this rotation is measurable, but the 
angular accelerations cannot be known in this situation, since only the 
beginning and end points are identified. 

1. Illusory effects observed while assuming the turn and during the 
turn proper.—The percent occurrence of the illusions of motion and 
displacement upward in the three experimental series are shown in 
Table II. The direct relation between the angle of bank and the 
frequency of observed motion and displacement is apparent through- 
out. There were no significant differences among the frequencies in 
the three situations at any level for either motion or displacement, 
except that during the 18° banks there was a substantial reduction 
in the occurrence of apparent displacement during the retest. ‘This 
was significant at the one percent level of confidence, and all three 
Ss exhibited this reduction. However, the hypothesis that habitua- 
tion occurs is not unequivocally established, since this is the only point 
where a significant difference appears. It is clearly established, 
nevertheless, that there is no significant difference in the percent oc- 
currence of motion and displacement between the two methods of 
assuming the turn and that the measures involved are relatively 
stable. It is also evident that the illusory effects occur at all levels 
of bank and are not transitory in nature even during the shallow 
banks. 

Individual differences in the amount of apparent displacement 
observed during the turn were slight during the 10°, 18°, and 30° banks 
but increased sharply during the three steeper banks. ‘Two of the 
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Ss observed the star move upward and remain displaced until the 
pilot began his recovery at which time the star returned to its original 
position. ‘The third S frequently observed a return to the original 
‘true’ position within a few seconds after reaching its maximum dis- 
placement. However, there were trials at all degrees of bank for this 
subject when he reported that the star did not return to the original 
position until the pilot began his recovery. For banks of 50° and 60° 
this S usually reported only a partial recovery to the ‘true’ position 


TABLE II 


PERCENT OccURRENCE AND TEMPORAL RELATIONS OF MoTION AND DISPLACEMENT 
DURING THE BANKING OF THE AIRCRAFT 


The lines marked C represent the data for the constant angle of attack, the lines marked V 
the variable angle of attack, and those marked VR represent the retest. 











Angle of Bank 10° 18° 30° 40° 50° 60° 
Frequency C 75% 95% 97% 100% 100% | 100% 
of Vi 7% | 92% 97% 100% 100% 100% 
motion VR — 78% — 100% — 100% 
Frequency C 28% 67° 0 75% 92% 97% 100% 
of Vi 28% 56% 83% 100% 100% 100% 
displacement | VR — 19% — 89% — 100% 
Mean age : 1.5 4 3 = 9.7 10.3 16.4 
vertical dis- 2.5 4 I 12.1 23-3 27-5 
placement VR — 1.1 — 7.5 — 22.1 
in degrees 
Occurrence of C 42% 83% 86% 86% 95% 89% 
— in the wn 28% 56% 70% 61% 83% 92% 
irection = 72 O = 95 7/0 we 1000 
of turn 
Mean lag to C 16.0 8.7 8.5 6.9 7.0 7.1 
first report of V 12.8 9.0 8.6 8.4 7.2 9.0 
movement VR — 8.0 — 7.1 — 5.1 
in sec. 
Mean total C 108] 22.7 20.7 4.4 26.2 30.2 
duration of Vi 12.2] 16.5 20.9 21.9 31.6 31.1 
illusory motion | VR — 8.0 — 8 _— 28.7 
in sec. 























before the pilot began to resume straight and level flight. It is in- 
teresting to note that this effect was reported rarely during the series 
using a constant angle of attack and during the retests for this subject. 

Table II also summarizes the data for the mean maximum dis- 
placement during the different degrees of bank. The average maxi- 
mum displacement increased sharply with the angle of bank for all 
three series. An analysis of the data has shown that both the indi- 
dual differences and individual variability of the Ss are great. The 
differences between the mean scores are insignificant up to and in- 
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cluding the 40° banks. At 50° and 60° the amount of observed dis- 
placement was substantially more during the variable angie of attack 
series. Although this was true for all subjects, in no case did the dif- 
ference reach the five percent level of significance. ‘The mean scores 
were consistently less on retest than on the original series, but the 
differences were not statistically significant. The retest results at 60° 
suggest that there is a tendency toward reduction of the illusory dis- 
placement through experience. There also seems to be a slightly 
smaller effect during maneuvers with a constant angle of attack. 
However, this cannot be said with confidence because of the high 
variability of response. 

The vertical motion and displacement observed during the bank 
and turn were complicated by reports of motion in the direction of 
turn during many of the trials (Table II). This involved either ap- 
parent motion to the right or left without displacement, or motion 
which was predominately upward but deflected to the right or left. 
The percent scores in Table II were determined by subtracting the 
number of reports opposite to the direction of turn from the number 
in the direction of turn and dividing by the total number of trials. 
It is evident that the probability of occurrence of this effect rises 
sharply as the angle of bank increases. ‘This is true in all three series. 
It is also clear that the number of correct responses increases with 
practice. 

The improvement in sensitivity in the perception of lateral motion 
also appears for two Ss in thresholds (50 percent above chance) de- 
termined by linear interpolation. In the original series using the 
variable angle of attack subject C’s threshold was 10° of bank. ‘This 
rose slightly to 12° in the series using the constant angle of attack. 
G’s threshold dropped sharply from 22° to 10°. M’s threshold was 
equivocal for the first test but of the order of 30°. It showed a sharp 
drop to 12° on the second test. ‘The general nature of the data in- 
dicated that his threshold would be approximately the same or 
perhaps slightly lower than during the constant angle of attack series. 
These results show a lowering of the threshold with successive series 
of observations. ‘The difference between the accuracy of reports for 
the two methods of entering the turn cannot, therefore, be attributed 
to a difference in the stimulus situation. This latter result might be 
expected since the stimulus (angular acceleration) to the horizontal 
canals is nearly identical in the two situations (Table I). 

The data for the lag from the beginning of the bank (A) to the 
first report of movement of whatever type are summarized in Table IT. 
It is important to remember that this lag is a time interval from the 
beginning of the maneuver, but not necessarily the beginning of a 
change in the stimulus situation. ‘This is true because there is a lag 
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in time from the beginning of the bank to the change in direction of 
flight, due to the inertia of the plane. The results show a decrease 
in lag as the angle of bank increases. The individual variability 
tended to become slightly less also. There were no consistent differ- 
ences between the two situations. 

The total duration of apparent movement reported during the 
bank increased sharply with the angle of bank (Table II). The 
duration of the observed motion during the 60° banks was nearly 
three times that observed during the 10° banks. There was no 
significant difference between the three test situations. 

‘There was considerable variability between the three Ss in reports 
of the apparent rotation of the star in the plane of its radiating lines. 
This was particularly true during the first series of tests using the 
variable angle of attack. One S (G) showed little variation in the 
number of reports of rotation in each series. On the other hand the 
other two Ss showed a progressive increase in the occurrence of this 
illusion of rotation on the successive series. ‘The original reports 
were too meager to exhibit a relation between the effect and the degree 
of bank, but on the retests the percent occurrence increased directly 
with the angle of bank. ‘This phenomenon was very difficult to re- 
port because of the complexity of the task, because the maximum 
rotation was small, and because the maximum effect frequently oc- 
curred suddenly without any apparent intervening motion. It has 
been studied in isolation and will be described in detail in another 
paper. 

2. Illusory effects observed during and after recovery from the turn.— 
These effects in all three series were essentially the reverse of those 
observed while assuming and during the bank. During the trials in 
which one S saw the star return to the ‘true’ position prior to the be- 
ginning of the recovery, the star moved or was displaced downward. 
This was followed by recovery to the egocentrically ‘true’ position. 
In the remaining trials the three Ss observed either motion alone or 
motion and displacement downward to the ‘true’ position. 

The time relationships between the beginning of the recovery to 
straight and level flight and the subsequent illusory effects are shown 
in Table III. Some entries, as noted in Table III, are for only two 
Ss, since the third observed a type of recovery which was character- 
istically different from the other two. It is evident that the average 
lag to the first movement opposed to the original motion decreased 
gradually as the angle of bank increased. Here again there is no 
clear relation between the angle of bank and the time for recovery to 
the initial true position without further movement or to the time to 
come to zero displacement. There was no significant difference be- 
tween the three test situations. 
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It is evident (Table III) that the duration of illusory movement 
reported during and following recovery increases sharply with the 
angle of bank. Individual variations were present but the increase 
is clear for all three test situations. ‘The differences between the re- 
sults, though not significant statistically, are consistently in favor of 
more reported movement in the series using a constant angle of attack. 


The fact that the recovery times are also consistently longer is a 


factor here. 
TABLE Ill 


Time RELATIONS FOR ILLUSORY EFFEcTs IN SEC. FROM THE BEGINNING OF THE 
RECOVERY FROM THE Banks (C) 


The lines marked C are for the constant angle of attack, the lines marked V for the original 
series using a variable angle of attack, and the items marked VR for the retest. 














Angle of Bank 10° 18° 30° 40° 50° 60° 
Av. lag from C to the S 2 5.8 4.5 3-7 3.6 3.6 
first opposed move- V8.0 5-5 4.8 4.2 3-3 3.1 
ment; S = 2 VR — 6.1 — 4.8 —- 3.8 
Av. time to recover C 16 16.5 14.6 14.8 14.5 17.3 
zero displacement 7 228 17.0 16.3 15.9 20.5 17.9 
from C;S = 2 VR 22.5 —- 17.4 — 21.4 
Av. time from C to C 6 2.3 25-3 27.6 28.1 7.0 
final recovery to Vi 21.5 25.6 24.4 25-5 26.4 28.6 
‘true’ position; VR — 19.2 — 22.9 -— 26.8 
S=2 
Av. duration of C 14.1 19.5 21.6 28.8 25.9 29.2 
reported move- V_ 10.6 15.3 19.0 24.4 24.9 25.8 
ment; S = 3 VR — 10.7 — 18.2 —= 25.1 























For two of the Ss the illusory effects during and following recovery 
were principally in the vertical plane. However, one S regularly re- 
ported movement in the direction of 5 or 7 o’clock. Practically all 
of these reports were opposite to the direction of the previous turn. 
There was no statistical difference between these data and those found 
for this S as the pilot entered the turn. ‘The S’s threshold 50 percent 
above chance was 10° in the variable angle of attack series and 13° in 
the constant series by linear interpolation. ‘These are very close to 
those found in his data on entering the bank. ‘This would be ex- 
pected since the angular acceleration (Table I) is practically identical 
in the two cases. ‘This S also periodically reported motion opposite 
to the direction of turn following recovery to zero displacement. 
These movements were appropriate in each case, 1.e., opposite to the 
direction of turn. 

Discussion 


These illusory movements and displacements observed in flight 
may be considered as a resultant of the complex effects of the forces 
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of acceleration on the S. Stimulation of the otolith organs by cen- 
trifugal force and stimulation of the semicircular canals by angular 
acceleration are the principal factors isolated here. Autokinesis, 
feelings of rotation and increased bodily pressure are also present 
and may be important. ‘The factors producing the total perception 
cannot be isolated with the precision necessary to identify with con- 
fidence the discrete stimulus-response relationships and the mediating 
sensory organs. ‘Therefore, it is not possible to state with certainty 
which aspects of these effects could be classified as the results of 
semicircular canal stimulation by angular acceleration, which parts 
are the result of stimulation of the otolith organs by centrifugal force, 
and what influence increased feelings of bodily pressure and feelings 
of rotation contribute. However, these data and those obtained in 
the laboratory (3, 4, 5) support the hypothesis that the stimulus to 
the semicircular canals was often effective alone and in some cases 
was followed by and combined with the effects of stimulation of the 
otolith organs. 

Laboratory studies (3, 4,5) have suggested that when the effects of 
of angular acceleration and centrifugal force are separated and con- 
trolled, illusory phenomena similar to those observed in flight occur. 
Three specific illusory phenomena have been described in this ex- 
periment: 1. Vertical displacements were observed at the onset of and 
during the turn. ‘These displacements are considered to be examples 
of the oculo-gravic illusion resulting from changes in centrifugal force. 
This illusion is produced in the laboratory when the Ss, seated in a 
centrifuge, are subjected to centrifugal force which produces an in- 
creased resultant force acting at an angle to the S’s vertical (5). 
2. Lateral motion was observed toward three or nine o’clock or super- 
imposed on the upward displacement. ‘This may be considered to be 
an example of the oculo-gyral illusion resulting from the angular ac- 
celeration during the turn. It is obtained in the laboratory when an 
S is subjected to angular acceleration which causes a nystagmus 
which in turn leads to the perception of motion (without displace- 
ment) of a fixed object (4). 3. Rotation of the test object was ob- 
served in some trials. This effect seems to depend upon the stimula- 
tion of the semicircular canals and will be described in detail in a 
separate report. 

These hypotheses are supported by the following considerations: 
The oculo-gyral and oculo-gravic illusions, as here identified, appeared 
both together and separately. The apparent motion to the right or 
left had the typical characteristics of the oculo-gyral illusion in that 
no clear displacement was observed in the direction of movement and 
that the effect disappeared within a few seconds. The vertical dis- 
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placements, on the other hand, persisted for the duration of the cen- 
trifugal force. 

Reporting these illusory effects was a highly complex task which 
was accomplished only after much practice. In spite of the fact that 
the Ss had had considerable experience in reporting these phenomena, 
rotation and displacement of substantial amounts were sometimes 
reported as appearing suddenly without preceding motion. Such 
reports may have resulted from a restructuring of the field following 
sub-threshold stimulation or may have resulted from a sudden shift 
of attention. It appears likely that both of these actually occurred. 

Throughout this report the stimulus situation has been described 
in terms of the angle of bank of the aircraft. The specific stimuli, 
however, were centrifugal force and angular acceleration. ‘These 
stimuli were not used as a basis for the discussion since adequate de- 
vices were not present in the plane to measure them directly. EF sti- 
mates of the angular acceleration were determined from the data 
showing the amount of time required to assume a turning attitude and 
the rate of turn. The resultant forces can be estimated readily, since 
the ‘g’ is equal to the secant of the angle of bank. Gain or loss of 
altitude and deviations from the true angle of bank will cause sub- 
stantial variations in the stimulus situation. ‘These facts make it 
dificult to determine precise stimulus-response relationships; for ex- 
ample there was an apparent increase in the feelings of bodily weight 
several seconds after the plane had assumed the maximum bank and 
therefore several seconds after the maximum ‘g’ was theoretically 
operative. It cannot be said with confidence whether this effect is 
due to changes in the forces on the aircraft or to a lag in the sensory 
effects. 

The marked individual differences between the Ss are worth 
noting and raise important theoretical questions. These differences 
are by far the most marked during the 40°, 50°, and 60° banks. ‘The 
three Ss had had approximately equal experience in observing the 
phenomena in the air, but the one who reported the smallest displace- 
ments and recovery during the bank had had extensive experience in 
observing these effects on a human centrifuge. This suggests the 
importance of habituation in this situation. ‘There is ample experi- 
mental evidence that nystagmus and other associated phenomena 
tend to diminish with successive exposures to angular acceleration 
(1,'7,8). There is also considerable evidence from dancers and sailors 
as well as flyers that this habituation does occur. No previous studies 
have been made of habituation to the effects of ‘g’ on visual percep- 
tion. The fact that marked habituation was not observed may be 
a result of the short periods of stimulation and the relatively long 
periods of time between trials. 











308 BRANT CLARK, ASHTON GRAYBIEL, AND KENNETH MACCORQUODALE 


These results have important implications for flying particularly 
during night operations and instrument flights when visual cues are 
meager or lacking. Confusions under such conditions do occur and 
angular acceleration and centrifugal force can contribute to con- 
fusions in pilots flying at night. 


SUMMARY 


The oculo-gyral and oculo-gravic illusions were studied in flight 
using three Ss who observed a fixed luminous target inthe dark. The 
observations were made in the rear cockpit of an SNJ-6 aircraft while 
the pilot executed turns with different degrees of bank. The chief 
purposes of the study were: (1) to compare the illusions observed 
during two methods of executing a turn, (2) to determine the occur- 
rence of the illusions in terms of both angular acceleration and cen- 
trifugal force, and (3) to determine whether habituation occurred 
during the experiment. In the first series the turns were carried out 
by using a constant power setting and changing the angle of attack 
of the wing to maintain the proper altitude. In the second series the 
angle of attack was held constant while the power was increased to 
maintain altitude. ‘The third series was a repetition of the first for 
three selected angles of bank. 

‘There was no consistent difference in the pattern of illusory re- 
sponse observed in the three series. ‘This was true of the amount of 
illusory motion and displacement, the time relations, and the sequence 
of events. Therefore, there was no significant evidence of any dif- 
ference in the illusory perceptions during the two types of banks nor 
was there evidence of habituation within the limits of this experiment. 
The illusory motion and displacement upward occurred at all angles 
of bank studied. ‘There was a clear positive relation between the 
accelerative forces and the occurrence of the illusions. ‘There was also 
an increase in the magnitude and duration of the illusions observed as 
the accelerative forces increased. 


(Manuscript received June 30, 1947) 
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BRIGHTNESS CONSTANCY AND THE NATURE 
OF ACHROMATIC COLORS 


BY HANS WALLACH 


Swarthmore College 


Part I 


The problem of brightness constancy arises through the following 
circumstances. ‘The amount of light which is reflected by an opaque 
object and which stimulates the eye depends not only upon the color 
of the object but just as much upon the amount of light which falls on 
the object, that is upon the illumination in which the object is seen. 
When in spite of this, the seen colors are in agreement with the object 
colors, when a given object appears to have the same color in various 
illuminations, we speak of brightness constancy. 

‘The majority of investigators who aim at all at functional expla- 
nations understand this problem to mean: How is illumination regis- 
tered and in what way is it taken into account so that the experienced 
colors remain constant when the illumination is varied? In this 
version the problem is a difficult one at the outset, for illumination 
is never directly or independently given but is represented in stimula- 
tion only in as much as it affects the amount of light which is reflected 
by the objects. ‘To be sure, we perceive illumination as well as sur- © 
face color; a spot of light here, a shadow there, a brightly lighted 
region near the window or the dim light of dusk on everything. But 
the fact remains that both variables, object color and objective illu- 
mination, affe:t the eye through the same medium, the varying 
amount of reflected light. If the scen illumination were found to be 
in agreement with the objective iilumination, in principle the same 
problem would arise which we face regarding the surface colors. 
There is only one stimulus variable to represent two objective vari- 
ables each of which seems to have its counterpart in experience. 
Under these circumstances investigation has largely consisted in the 
study of factors by which illumination could be recognized and in the 
demonstration of their effectiveness in bringing about constancy. 

The following observations suggested a radically different ap- 
proach to the writer.” -They-concern some variations of an experiment 
by A. Gelb which demonstrated brightness constancy in a most im- 
pressive way. Gelb’s experiment! is most conveniently performed 


1 Described in W. D. Ellis, 4 source book of gestalt psychology. New York: Harcourt, Brace, 
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by opening the door of a dimly lighted room and by suspending in 
the frame a piece of black paper. ‘This paper. is illuminated by a 
strong projection lantern which stands on the floor or on a low table 
and is tilted upwards so that the part of its beam which is not inter- 
cepted by the black paper passes through the open door onto the 
ceiling of the adjacent room where it is invisible to the observer. In 
the light of the strong lantern the paper may look white instead of 
black. When a white piece of paper is held up in front of the black 
paper so that it too reflects the strong light of the lantern, the black 
paper assumes a black color. According to the usual interpretation 
it looks first white because no cues for the special strong illumination 
are available when this illumination affects only one visible surface. 
With the introduction of the white paper into the beam a special 
brilliant illumination becomes visible and constancy is restored: the 
two papers are perceived with their real color. 

The arrangement of Gelb’s experiment lends itself to a still more 
impressive demonstration. When the black paper is presented alone, 
reducing the intensity of the lantern light by small steps to zero causes 
the perceived color of the paper to vary all the way from white 
through gray to black. Every change in illumination is accompanied 
by a corresponding change in the perceived color. However, when a 
larger white paper is fastened behind the black paper so that the 
latter is seen surrounded by white, the same changes in illumination 
do not at all affect the seen colors which remain white and black 
throughout. Paired in this way the colors are immune to changes in 
illumination and remain ‘constant.’ It is rather a change in the per- 
ceived illumination which now accompanies the change in the ob- 
jective illumination. 

The question arises: what determines the color with which the 
black paper is seen at a given intensity of the lantern light when the 
paper is presented alone? Do we deal in this situation with an abso- 
lute relation between the intensity of the light which stimulates a 
portion of the retina and the resulting perceived color? In consider- 
ing this question we have to remember that there is another variable 
in the situation, the dim general illumination of the room. When 
this is varied it becomes immediatley clear that this general illu- 
mination also affects the color of the black paper. When, with a high 
intensity of the lantern light, the general illumination is raised, the 
color of the black paper changes from white to gray, and this in spite 
of the fact that the paper too now reflects light of a somewhat higher 
intensity than before. Only relatively, that is in relation to the light 
which comes from other surfaces, has the light reflected by the black 
paper become less intense. 
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Such dependence of the perceived color on the relative intensity 
of the perceived light should be demonstrable in a much simpler form, 
and this is the case. 


In a dark room a white screen is illuminated by the light of two slide projectors. In one 
of the projectors an opaque card with a circular hole of 4 in. diameter is inserted, and the bright 
image of the hole is focused on the screen. The slide for the other projector consists of a blank 
glass covered with an opaque card with a circular hole of one in. diameter and with a # in. card- 
board disk which is pasted concentrically into the hole. Focused on the screen this slide pro- 
duces a bright ring. The two projectors are so adjusted that this ring surrounds the image of 
the 4 in. hole so that the edge of the latter coincides with the inner edge of the ring. The light 
intensity of the projectors can be changed by running them on variable transformers or by letting 
their beams pass through episcotisters. 


We have then on the screen a circular region (disk) and surround- 
ing it a ringshaped region which reflect light intensities that can be 
separately controlled. When the intensity of the disk is kept con- 
stant and that of the ring is widely varied, the color of the disk may 
change all the way from white to dark gray. The disk looks dark 
gray when the light reflected from the ring is of high intensity and 
it becomes white when the brightness of the ring is greatly lowered. 
When the light intensity of the disk is varied and that of the ring is 
kept constant, the color of the disk, of course, undergoes similar 
changes. Again it is quite clear that the color which appears in one 
region, namely in that of the disk, depends on the relation of the light 
intensity of this region to that of its surroundings. ‘This is true also 
of the ring. It can be shown in corresponding fashion that its color 
depends on the relation of the intensity of the ring to that of the disk. 

When the ring is altogether omitted so that the disk is seen in 
completely dark surroundings, it ceases to look white or gray and 
assumes instead a luminous appearance similar to that of the moon 
at dusk. Lowering the intensity of the disk greatly does not change 
this mode of appearance, provided the rest of the room is really dark; 
the disk looks merely dimmer. The same observation can be made 
with the ring when it is presented without the disk, or with both the 
ring and the disk when they are placed far from each other on the 
screen. Opaque colors which deserve to be called white or gray, in 
other words ‘surface colors,’ will make their appearance only when 
two regions of different light intensity are in contact with each other, 
for instance when the ring surrounds the disk or when two oblongs 
have the longer edges as their common border. 

The importance of a close contact for the emergence of surface 
colors becomes strikingly clear in the following observation. The 
intensity of the disk is adjusted to be one quarter that of the ring, 
which makes the color of the disk a medium gray. An opaque object 
is moved from the side into the beam of the lantern which projects 
the ring so that part of it is blotted out by the shadow of that object. 
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When this happens the gray color disappears almost simultaneously 
from that part of the disk which is adjacent to the shadow. It looks 
as if the dense gray there were dissolving leaving the screen trans- 
parent to let a light behind it shine through. Brought about in this 
fashion, the change from surface color to a luminous appearance is 
quite impressive. ‘That side of the disk which is still well surrounded 
by a brighter ring continues to show the gray color, and between it 
and the luminous side the disk shows a steady gradient in the density of 
the gray. 

These observations make it clear that, at least under these condi- 
tions, surface colors occur in our experience when regions of different 
light intensity are in contact with each other and that the particular 
surface colors which come about depend on the relation of these light 
intensities. [They are apparently the product of nervous processes 
of limited scope, for close spatial contact between the regions of dif- 
ferent light intensity is required for their emergence. Moreover, the 
degree to which surface color is present in a certain region depends on 
the intimacy of the contact between this region and its partner. This 
is easily demonstrated by the following observations. 

No matter what the brightness relation between ring and disk be, 
the ring will always show a less dense surface color and have more of 
a luminous appearance than the disk. ‘This becomes quite clear 
when two pairs of such regions are presented for comparison which 
are so chosen that the intensity of the ring in one pair equals that of 
the disk in the other one, and vice versa. [Even the region of lower 
light intensity in each pair, which is perceived as a gray, has a more 
luminous appearance where it occurs in the ring than where it occurs 
in the disk. The most obvious explanation for this difference in the 
mode of appearance is that the disk is more under the influence of 
the ring than vice versa, in as much as the disk is completely sur- 
rounded by the ring, whereas the ring is in contact with the disk 
only on one side. This explanation agrees well with the observation 
reported earlier that the elimination of part of the ring rendered that 
part of the disk more luminous which was then no longer enclosed by 
a region of different light intensity. 

This influence under which surface colors emerge is clearly a 
mutual one. Though less so, the ring does display surface color. 
There is a great difference in the mode of appearance between a ring 
which surrounds, for instance, an area of higher intensity and an 
equal ring presented in an otherwise dark field. Whereas the latter 
looks merely luminous, the former shows in addition to some lumi- 
nousity a distinct gray. 

The mutual influence on which the emergence of surface colors 
depends must also account for the fact that the particular colors 
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which come about depend on the relation of the stimulating light 
intensities. It is probably best conceived of as some kind of inter- 
action which takes place as part of the nervous process which under- 
lies color perception. 


It will be remembered that the dependence of the perceived colors on 
the relative intensities of the stimulating light was also evident in the varia- 
tions of Gelb’s experiment which were first reported. It remains to be 
added that the transition from surface color to a luminous mode of appear- 
ance can be demonstrated with Gelb’s set-up in the following way. At first 
the special illumination of the black paper and the general illumination of 
the room are so adjusted that the black paper looks white. When now the 
general illumination is further reduced, the paper becomes more and more 
luminous, and it ceases altogether to look white when the rest of the room 
is completely dark. Luminosity of the paper can also be produced by 
excluding the general illumination from its immediate neighborhood. By 
such measures a rather luminous gray, not unlike that appearing in the 
ring, may also be achieved. ‘Thus it is not only in projected rings and disks 
that luminosity appears as an alternative to surface colors when adequate 
differences in intensity are lacking or when the contact between those 
regions is diminished. Clearly discernible segregated objects as for instance 
a suspended piece of black paper function in the same fashion. 


Part II 


So far, we have become acquainted with the way in which surface 
colors come into existence and with the manner in which they depend 
on the stimulus situation. ‘They depend on the relation of stimulus 
intensities on the retina which are so located with regard to each 
other that the subsequent nervous processes interact. Now the 
question arises what bearing this has on the problem of brightness 
constancy. 


In order to answer this question, some clarification of the nature of 
brightness constancy is needed. One may say that brightness constancy 
prevails when a perceived color is in agreement with the corresponding 
object color. Object color is a persistent physical characteristic of a sur- 
face, the property to reflect a certain proportion of the light which falls on 
that surface. For instance, a surface which looks black under constancy 
conditions reflects about four percent of the illuminating light, and a white 
one about 80 percent. This property, called reflectance, is not conveyed 
to the eye as such. It is rather represented to the eye by light of a given 
intensity. This fact constitutes the problem of brightness constancy, for 
the intensity of the reflected light depends to the same degree on the color 
of the reflecting surface as on the strength of the illumination. If in our 
environment illumination were always and everywhere the same, the fact 
that our visual sense is not directly affected by reflectances but only by 
the reflected light intensities would not raise a problem in perception, for 
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the reflected light could represent the object colors unequivocally. But 
illumination varies widely, even between different parts of the same visual 
field, and often very different light intensities come to represent the same 
reflectance to the eye and, in constancy, produce the same color in the 
observer’s experience. When, for instance, a medium gray which reflects 
20 percent of the illuminating light is presented once in an illumination of 
an intensity 100 and again under light of an intensity 300, the intensities 
of the reflected light are 20 and 60 respectively; if complete constancy pre- 
vails, both stimulus intensities lead to perception of the same medium gray. 
Similarly the white background on which the gray samples are shown will 
reflect light of the intensity 80 in the weaker illumination and of the inten- 
sity 240 where it is in the stronger illumination, and the two differently 
illuminated parts of the background will probably both be judged as white. 
At first glance no orderly connection between stimulus intensity and per- 
ceived color seems to exist. 

There is, however, one feature in the stimulus situation which remains 
the same when the illumination is varied. The intensity of the light re- 
flected by the gray in the weaker illumination (20) stands in a ratio of 1:4 
to that reflected by the white in the weaker illumination (80), and the same 
ratio exists between the intensities reflected by the gray and the white in 
the stronger illumination (60 and 240). It is easy to see that in the case of 
any given set of object colors the ratios of the intensities of the reflected 
light remain the same for any change in illumination which affects all of 
them.? Thus, if the perceived colors were to depend on the ratios of the 
intensities of the reflected lights, they would remain unchanged when a 
given set of object colors were presented in changed illumination, and con- 
stancy would be assured. A medium gray may serve again as an example. 
Although it affects the eye with different light intensities when the illumi- 
nation is changed, it would be perceived as the same color because the ratio 
of the intensity that it reflects to the intensity of the light reflected by the 
surrounding white would remain the same, for a change in illumination 
affects the latter in the same proportion. 


At this point we have to consider the observations reported in Part 
I. They suggested that the perceived surface colors depend on the 
relation, not yet quantitatively defined, of the light intensities in in- 
teracting regions. But we now find that constancy would result, if 
our visual perception functioned in such a fashion that the perceived 
colors depended on the ratios of the intensities of the reflected light. 

Thus, we merely have to make the assumption that the relation 
on which surface colors depend is one of simple proportionality to 
give the observations of Part I a direct bearing on the problem of 
brightness constancy. If this assumption were correct brightness 
constancy would find its explanation in the very process by which 
surface colors come about. 


2 This is a simple consequence of the fact already mentioned that object colors reflect a 
constant fraction of the illumination. 
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This assumption can be tested by simple experiments. If it is 
correct, the particular colors which are perceived in a pair of ring and 
disk should depend on the ratio of the intensities of the two regions, 
and only on that ratio. In other words, no matter what the absolute 
intensities of ring and disk may be, the same colors should be seen in 
the case of any pair of intensities which happen to stand in the same 
ratio to each other. ‘This is, in close approximation, the case, as the 
following report of quantitative experiments * shows. 

Two pairs of ring and disk were used, in order to permit simulta- 
neous comparison. ‘The intensity of each of these four regions could 
be varied independently. 


Four identical projections lanterns equipped with 500 watt bulbs were used for this purpose. 
They were arranged in two groups and each group produced on the screen a pair of ring and disk 
as described in Part I. They were all so adjusted that they gave their respective regions the 
same light intensity. This was done in the following way. First a pair of ring and disk was 
formed with one lantern from group I and one from group II, and the intensity of one of them 
was varied until the contour between the ring and the disk disappeared because of brightness 
equality. ‘Then these two lanterns were restored to their respective groups and similar adjust- 


ments were made within each group by varying the light intensities of the not yet equated 
lanterns. 


The intensity variations required by the experiments were brought about with the help of 
episcotisters through which the lantern beams had to pass before reaching the screen. This 
technique has the advantage that the episcotister apertures are a direct measure of the relative 
intensities in the various regions. 


Measurements were made by the method of limits. Ring and disk of one pair and the ring 
of the other pair were kept at constant intensities, and the intensity of the remaining disk was 
varied in suitable steps until the S judged the colors of the two disks as equal. 


In the first experiment one of the rings was given the full illumina- 
tion of its lantern and the disk inside it received half of the intensity, 
for its light beam passed through an episocotister of 180 degrees aper- 
ture. ‘The light for the ring of the other pair was cut down to one- 
eighth of full intensity by passing it through an episcotister of 45 
degrees aperture. ‘The aperture for the disk of the latter pair was 
varied in steps of two degrees. The following are the means of one 
upper and one lower limit for each of five Ss: 24, 26, 24, 23, 24 degrees 
with a total mean of 24.2 degrees. This result means that, on the 
average, a light intensity in a disk corresponding to an episcotister 
aperture of 24.2 degrees when it is surrounded by a ring of an in- 
tensity of 45 degrees aperture brings about in the S’s experience the 
same gray as does a disk of an intensity of 180 degrees aperture inside 
a ring of an intensity of 360 degrees aperture. There is only a small 
deviation from the value of 22.5 degrees which with 45 degrees forms 
the same ratio as does 180 degrees with 360 degrees. Comparing the 
grays in the two disks was not difficult for the Ss. The great differ- 
ence in absolute intensity between the two pairs of ring and disk (8:1) 


3 These experiments were performed by the students of various seminars in Perception and 
classes in Experimental Psychology at Swarthmore College under the author’s supervision. 
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made the less intense pair look much dimmer, but that did not affect 
the distinctness of the disks’ color. However, it made the rings look 
very different; though both were white, the more intense one was by 
far more luminous. ‘This latter observation which was also made in 
most of the following experiments seems to be important, for it cor- 
responds to a fact which can be observed in real constancy situations. 
When identical sets of object colors are placed in different illumina- 
tions and appear approximately the same, the set in the stronger ob- 
jective illumination is often also seen to be more strongly illuminated. 
Perceived illumination and the different degree of luminous appear- 
ance which was frequently observed in our experiments seem, func- 
tionally speaking, to be closely related experiences. <A detailed dis- 
cussion will be presented in a later publication. 

In another experiment a disk of 90 degrees intensity was shown 
in a ring of 360 degrees intensity. This combination which forms an 
intensity ratio of 4:1 brings about a much darker gray in the disk. 
In the other pair, the disk whose intensity was varied was surrounded 
by a ring of 180 degrees intensity. ‘The proportionate value for the 
disk is here 45 degrees. ‘The averages of two upper and two lower 
limits for each of four Ss were 46, 52, 45, 44 degrees with a mean of 
47 degrees. 

In the following experiment the disk of the brighter pair was 
varied and a ratio of 3:1 between ring and disk was used. In the 
darker pair, the ring had an intensity of 180 degrees and the ring one 
of 60 degrees, and the variable disk was surrounded by a ring of 360 
degrees intensity. Five upper and five lower limits were determined 
for each of three Ss. The means were 113, 115, 121 degrees. ‘The 
proportionate value is here 120 degrees. 

It will be noted that so far all deviations from the proportionate 
values were in one direction. They all imply that, where they occur, 
a disk of proportionate intensity in the dimmer pair looks darker than 
the disk in the pair of higher intensity; v7z., in the first two experi- 
ments the disk in the less intense pair had to be given a slightly higher 
than proportionate intensity to give a color match and in the last ex- 
periment the disk in the more intense pair had to be made objectively 
darker. ‘Thus, although these deviations are small, they deserve our 
attention. Experiments with an improved technique were made to 
find out how significant they are. 

To facilitate measuring a variable episcotister ‘ was used for the determination of the limits. 
This device permits changing the aperture by definite amounts while it is spinning. Only when 


the Ss had given a judgment of equality was the episcotister stopped and its angle measured with 
a protractor. 


It has been described above how the intensities of the four lanterns were equated at the 
outset of the experiments. These equations are likely to contain subliminal errors which could 








‘ Designed and built by R. Gerbrands, Emerson Hall, Cambridge, Mass. 
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affect our measurements. In the experiments which follow the episcotisters were interchanged 
between the groups of lanterns after half the number of limits had been determined for a given S, 
so that the group which during the first half of an experiment produced the brighter pair of ring 
and disk were made to produce the dimmer pair during the second half, and vice versa. Thus, 
any error in the original lantern adjustment which would affect the measurements during the 
first half of the experiment in one direction would in the second half affect it in the opposite 


direction. In this manner such an error will appear in the scatter of the limit values but will not 
affect their mean. 


The first experiment (I) done with this improved technique was 
one with a small difference between the brighter and the dimmer pair. 
‘The former had a ring of 360 degrees intensity and a disk of 180 de- 
grees, and the other pair had a variable disk in a ring of 180 degrees. 
Four Ss took part in the experiment. For each one four upper and 
four lower limits were determined. ‘Table I presents the means of 
these limits. The proportionate value is here go degrees. It will 
be noted that the small deviations from this value are in a direction 
opposite to those previously reported, for they would imply that a disk 
of proportionate intensity in the dimmer pair is perceived as a slightly 
lighter gray than the disk in the more intense pair. 


TABLE I 


E-pISCOTISTER SETTINGS IN DEGREES FOR DISK WITHIN RING or 180 DEGREES IN COMPARISON 
witH Disk oF 180 DEGREES WITHIN RING oF 360 DEGREES 





























Subjects Ad. McN. Ba. Cl. 
Upper limit 88 86 85.5 go 
Lower limit 84 84 79.5 84.5 
Mean 86 85 82 86 Grand mean: 85 
TABLE II 


EpiscoTISsTER SETTINGS IN DEGREES FoR Disk wiTHIN RING oF 90 DEGREES IN COMPARISON 
with Disk oF 240 DEGREES WITHIN RING oF 360 DEGREES 











Subjects Mo. Cr. Ke. Cy. 
Upper limit 61 62 73 74 
Lower limit 62 64 68 67 
Mean 61.5 63 70.5 70.5 Grand mean: 66.4 




















This is not so with the results of the following experiment (II) in 
which a still lighter gray was produced and in which the intensity of 
the dimmer ring was only one quarter of that of the brighter one. 
In the dimmer pair the ring had an intensity of 90 degrees and the 
disk was variable, while in the brighter pair the ring had 360 degrees 
and the disk 240 degrees of light. The results are given in Table II. 
With the Ss Mo. and Cr., 10 upper and 10 lower limits were deter- 
mined, with Ke. and Cy. only six. Individual differences are larger 
in this experiment. Fortwo of the Ss there was a marked deviation 
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from the proportionate value of 60 degrees, which implied that for 
them a disk of 60 degrees intensity in the dimmer pair showed a 
slightly darker gray than the disk in the brighter pair. 

Ten Ss were employed in an experiment (III) in which the varia- 
ble disk was surrounded by a ring of 360 degrees of light and the dim- 
mer pair consisted of a ring of go degrees and a disk of 30 degrees 
intensity. Six upper and lower limits were determined for each S, 
except for Ss Mo. and Cr., who again supplied 10 pairs of limits each. 
The average of the individual means as shown in Table III was 106 
degrees, a clear deviation from the proportionate value of 120 degrees. 
It implies that the gray in the disk of low intensity looks somewhat 
darker than a disk of proportionate value in the brighter pair. 


TABLE III 


EPpISCOTISTER SETTINGS IN DEGREES FOR Disk WITHIN RING oF 360 DEGREES 1N COMPARISON 
witH Disk oF 30 DEGREES WITHIN RING OF 90 DEGREES 








Subjects Ca. Ga. Hs. Ht. Lu. Ro. Mo. cr. Ke. Cy. | 





Upper limit | 10 
Lower limit | 9 
Mean 9 


5| Of | 117.5) 116.5) 113 | 130 | 128 | 107.5) 105 | 113 
5} QI 99-5| 98.5} 103 | 112 | 100 | 103 97 | 95 
5} QI | 108.5) 107.5} 108 | 121 | 114 | 105 | ror | 104 | Grand mean: 106 
| 



































The direction of the deviations from proportionate values encoun- 
tered in the last two experiments was such that they could be re- 
garded as the effect of a slight influence of the absolute stimulus inten- 
sities on the color process which otherwise could be conceived as 
functioning according to a proportional law. ‘The question arose 
whether these deviations reflected intrinsic properties of the color 
process or whether they were introduced by incidential experimental 
conditions. An answer cannot yet be given and must be left to 
further detailed investigation. However, an experiment which was 
performed with this question in mind will be reported below, because 
it will add the data of still another combination of intensities. 

It was suspected that the presence of the brighter pair of ring and 
disk in the visual field when the gray in the disk of the dimmer pair 
developed was responsible for the fact that this gray looked a trifle 
too dark. Ifthe high intensities of the brighter pair had an influence 
across the spatial interval on the colors which emerged in the dimmer 
pair, this is what should have happened. Such an influence can be 
avoided by presenting the pairs successively. This was done in the 
following experiment (IV). ‘The intensities in the brighter pair were 
360 and 180 degrees, the ring in the dimmer pair was 90 degrees and 
the disk was varied. Table IV shows for four Ss the means of four 
upper and four lower limits. Ordinarily, with an intensity ratio 
of 4:1 between the rings the deviation under discussion was to be 
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expected. It did not appear. The slight deviation from the pro- 
portionate value of 45 degrees was in the opposite direction. 

In another experiment, however, successive presentation failed 
to eliminate completely the deviation under discussion. Experiment 
III was repeated with three further Ss who did the experiment twice, 
once with successive and once with simultaneous presentation. The 
limits listed in Table V are the averages of four determinations each. 
Although successive presentation reduces the deviation from the pro- 
portionate value of 120 degrees, it does not eliminate it. 


TABLE IV 


EpIscoTISTER SETTINGS IN DEGREES FOR Disk wiTHIN RING oF 90 DEGREES IN COMPARISON 
witH Disk oF 180 DEGREES wiTHIN RING OF 360 DEGREES 
































Subjects Ad. McN. Ba. Ci. 
Upper limit 43 42 41 44 
Lower limit 41 40 42 44 
Mean 42 41 41.5 44 Grand mean: 42 
TABLE V 


EpiscoTisteR Settincs IN Decrees For Disk wituin RinGc oF 360 DEGREES IN CoMPARISON 
wiTH Disk or 30 DEGREES WITHIN RING OF 90 DEGREES 














Cl. He. Be. 
Subjects 
Presentation 
Sim Succ. Sim. Succ. Sim Succ. 
Upper limit 110.5 121 99 108.5 104 112 
Lower limit 99.5 99 97.5 99 94 104 
Mean 105 110 98 104 99 108 


























These deviations from proportionate values appear rather in- 
significant when one compares them with the remaining effect of the 
proportional law. For example, in experiment III which showed the 
largest deviation, a disk of an intensity of 30 degrees aperture had 
on the average the same color as one of an intensity of 106 degrees 
aperture, that is, an intensity 3.5 times as high. ‘The deviation from 
the proportionate value of 120 degrees amounts only to 12 percent. 


It should be mentioned at this point that such experiments can also be 
done with a less elaborate set-up. ‘Two color mixers and one projection 
lantern suffice for a crude demonstration of the proportional law. With 
the help of a large color wheel of black and white disks and a small one 
fastened on top of it to the same mixer one can obtain a ring-shaped and a 
circular region in which the intensities of the reflected light can be varied 
independently. On one mixer, e.g., the large wheel can be set to show a 
sector of go degrees white and the small one a sector of 45 degrees white. 
To the other mixer are fastened a small wheel with a white sector of 180 








ON 


tv 
—— 


BRIGHTNESS CONSTANCY 3 


degrees and a large wheel of 360 degrees white. When the mixers spin in 
general room illumination, one sees a dark gray disk surrounded by a 
medium gray ring on one mixer and a light gray disk in a white ring on the 
other one However, when the mixers are placed in separate strictly local 
illumination they look quite different. That illumination can be provided 
by a lantern equipped with an opaque slide which has two circular holes a 
good distance apart. It projects two narrow beams of light of equal inten- 
sity. When the mixers are placed each in one of the beams at such a 
distance from the projector that their wheels are covered by the light almost 
to the outer rim and the rest of the room is entirely dark, both color mixers 
show a white ring and a light gray disk much alike in color. The reason 
for this change is easy to understand. Under local illumination the two 
color mixers provide exactly the same pattern of stimulus intensities as the 
set-up in experiment IV, and thus the same colors develop as in that experi- 
ment. In general illumination, on the other hand, the pairs of ring and disk 
are surrounded by regions of other intensity, é.g., the light reflected by the 
wall of the room, which cooperate in determining the colors which come 
about in the pairs. If, for instance, light reflected by a white wall forms 
the stimulus intensity of the surrounding region, that intensity stands to 
the intensity of the dimmer ring in a ratio of 4:1, and in this relation the 
ring should assume a medium gray color, as indeed it did. 

It was explained above how the assumption that the achromatic colors 
depend on the ratios of the pertinent stimulus intensities accounts for 
brightness constancy. On that occasion complete constancy was shown to 
follow from this assumption. However, complete constancy has hardly 
ever been demonstrated experimentally. An object color presented in re- 
duced illumination usually looks somewhat darker than another sample of 
that color in full illumination, though not as much darker as the difference 
of the reflected light intensities would warrant if there were no constancy. 
Yet complete constancy would follow from a direct application of the pro- 
portional law. Deviations from proportionality which occurred in our 
experiments are by far too small to account for the usual lag in constancy. 
The difficulty resolves itself when it is realized that the proportional law 
cannot be applied so simply to this situation. Here the two pairs of regions, 
the sample and its background in full illumination and the other sample 
with background in reduced illumination, are not as completely separated 
from each other as the corresponding regions in our experiments, for the 
regions of different illumination are in contact with each other and the 
brighter one can have an influence on the dimmer one. In other words, 
we have here a case where three or more regions of different intensity inter- 
act. Such processes have not yet been sufficiently investigated, and no 
report can be made at this time. It seems, however, quite likely that a full 
investigation will furnish the rules for the prediction of the lag in constancy 
in individual experiments. 


This report may so far have given the impression that, apart from 
the small deviations discussed, the proportional law permits predic- 
tion of color equations if the pertinent stimulus intensities are known. 
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However, this is so only with important qualifications. To a certain 
extent also the geometrical arrangement of the regions of different 
intensity has an influence on what colors come about in these regions. 
Some brief experiments which permit a first appraisal of the impor- 
tance of these conditions will be reported below. 

In the measuring experiments so far reported the width of the 
ring was 5% of the diameter of the disk so that the area of the ring 
was four times as large as the area of the disk. A reduction of the 
width of the ring to % of the diameter of the disk so that its area was 
about the same as that of the disk did not affect the color in the disk 
as the following experiment shows, in which the colors in two disks 
were compared which were surrounded by rings of different width. 
Both rings were given the same intensity of 120 degrees aperture; 
the disk in the narrow ring had an intensity of 15 degrees and ap- 
peared as a very dark gray; the disk in the ring of standard width 

was variable. ‘The mean of two upper and two lower limits for a 
single S was also 15 degrees. A number of other observers were 
satisfied with that equation. 

The width of the narrow ring was further reduced so that it 
amounted to only ;; of the diameter of the disk. The same constant 
intensities as in the last experiment were used. ‘The averages of two 
upper and two lower limits for each of two Ss were 37 and 37 degrees. 
This result means that a disk of 15 degrees intensity inside the very 
narrow ring looked as light as a disk of 37 degrees intensity inside a 
a ring of standard width. The outcome of this experiment was so 
striking that we repeated it with another combination of intensities. 
The intensity of the two rings remained the same, but the disk in the 
very narrow ring had an intensity of 60 degrees. Again a higher 
intensity was needed for an equation in the disk inside the standard 
ring. ‘The averages of two upper and two lower limits for the same 
two Ss were 87 and 86 degrees. However, with this intensity ratio 
of 120:60, which produces a light gray, the effect of making the ring 
very narrow was not so great. It amounted only to 45 percent, 
whereas in the case of a ratio of 120:15 which normally produces a 
very dark gray the disk in the standard ring had to be made 145 per- 
cent more intense. On the whole it looks as if the very narrow ring 
which has only one-quarter of the area of the disk cannot make the 
disk color as dark as does a ring of sufficient width. 

As just reported, no difference in the effect of a ring which has 
about the same area as the disk and of one which has four times the 
area of the disk has been found. ‘Two further measurements were 
made with a much wider ring. Its width was 1.5 the diameter of the 
disk and its area 15 times that of the disk. In one experiment the 
intensity ratio between the wide ring and its disk was again 120:15. 
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In the disk of the standard pair the averages of four upper and four 
lower limits for the two Ss were 17 and 16 degrees. When a ratio of 
120:60 was used, averages for two pairs of limits were 66 and 63 
degrees. The deviations from 15 and 60 degrees respectively are 
probably incidental. At any rate, they are not in the direction which 
would indicate an enhancement in the effectiveness of the ring with 
increased width. It seems that, once the ring has an area equal to 
that of the disk, any further increase in its width does not affect the 
resulting color of the disk. 

It was reported in Part I that a ring looks more luminous than a 
disk of the same intensity in another pair in which the intensities of 
ring and disk are the same as in the first pair but interchanged. ‘The 
question arises whether such a reversal of intensities also causes a 
color difference in the regions of equal intensity. Two pairs of disk 
and ring in which the area of the ring was the same as that of the 
disk were presented and the lights were so arranged that in one pair 
the lower intensity was in the ring and in the other pair in the disk. 
The two higher intensities in the two pairs amounted both to 360 
degrees, the ring of lower intensity was kept at 45 degrees, and the 
disk of lower intensity was variable. Measurements were made with 
four Ss. The means of three upper and three lower limits were 54, 
71, 83, 86 degrees. These figures indicate that for the same intensity 
ratio the lower intensity appears as a lighter gray when it is given in 
the ring than when it is given in the disk. A rather dark gray results 
from a ratio of 360:45 degrees. In the case of smaller ratios which 
give rise to lighter grays the differences in color which result when the 
intensities of ring and disk are interchanged are very much smaller. 
For an intensity ratio of 2:1 only a difference in luminosity can be 
discerned. 


SUMMARY 


It was found that opaque achromatic surface colors are perceived 
when light of different intensity stimulates adjacent areas on the 
retina. ‘The achromatic color which is seen in a particular region 
must be regarded as the result of stimulation received from that region 
and of stimulation from neighboring regions. Although these colors 
are qualities which are perceived in a given region, they are products 
of an interaction process, which depends on difference in stimulation 
in atleast two areas. In the absence of a suitable difference in stimu- 
lation a color of an entirely different mode of appearance is seen. A 
single bright region in an otherwise dark field, for instance, looks 
luminous instead of white, and reducing the light intensity in that 
region fails to make it look gray; it continues to appear luminous and 
merely becomes dimmer. 
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The first steps were taken to investigate quantitatively the rules 
of this dependence in the simplest case, that of two regions of different 
intensities of stimulation where one region surrounds the other. The 
colors which come about under these circumstances depend in close 
approximation on the ratios of the intensities involved and seem in- 
dependent of the absolute intensity of local stimulation. ‘The region 
of higher intensity will assume the color white and that of lower in- 
tensity will show a gray (or a black) which depends on the intensity 
ratio of the two regions. ‘The greater the difference in intensity the 
darker will be the gray which appears in the region of the lower 
intensity. 

It can be shown that a dependence of perceived colors on the ratios 
of stimulus intensities accounts for the constancy of achromatic colors 
under varying illumination. Complete constancy would follow from 
this rule of interaction of two intensities. ‘The fact that measure- 
ments of brightness constancy rarely give results which denote com- 
plete constancy presents no difficulty for this explanation. These 
experiments involve interaction between more than two regions of 
different stimulus intensity. 


(Manuscript received for immediate publication March:19g, 1948) 








STUDIES IN SPACE ORIENTATION: I. PERCEPTION OF 
THE UPRIGHT WITH DISPLACED VISUAL FIELDS 
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I. INTRODUCTION 


The experiments to be reported in the present series of papers are 
concerned primarily with the process of orientation toward the up- 
right in space. 

Our experienced space has the vertical and horizontal directions 
prominently represented within it. All objects in our surroundings 
are perceived as having a definite orientation: they are upright, or 
tilted in varying degree, or horizontal. Further, the perceived direc- 
tion of an object is usually strongly indicated, and cannot be changed 
at will. Indeed, in a given field, the direction of an object remains 
constant when head or body is tilted, and seems generally independent 
of body position. Perception of the upright is an important function 
in man; we depend upon it continuously in our practical relations 
with objects and in our body movements. It is also an extremely 
broad function, involving the interaction and cooperation of visual, 
kinesthetic, and labyrinthine experiences. 

That orientation has not been explored more intensively despite 
its fundamental importance seems due to a highly significant charac- 
teristic of orientation itself: the perception of the vertical and hori- 
zontal is achieved so effortlessly that it fails to become conspicuous. 
Under ordinary circumstances everyone is able to establish the ver- 
tical and the horizontal correctly, quickly and without deliberation. 
The conditions of orientation are so highly constant that disturbances 
are hardly ever encountered. They do, however, occur under more 
unstable conditions, of which the airplane is a notable example. In 
the plane, disorientation may be so severe that the person can be 
upside down and perceive himself and the plane as upright, or sud- 
denly see the sky where he believes the earth should be, and so on. 
Disturbances such as these lead to an appreciation of the marked 
stability and orderliness which normally characterize our orientation 
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in space, and at the same time point up the need for a closer under- 
standing of this function. 

Aside from throwing light on a central psychological function, a 
study of orientation should contribute toward the clarification of 
several significant theoretical issues. Because the visual field is in- 
volved in orientation in a comprehensive and direct way, it should 
provide further evidence concerning the role of field factors in per- 
ception. More specifically, since orientation involves the employ- 
ment of a frame of reference in a literal sense, its investigation fur- 
nishes an excellent opportunity to establish the role of varied and 
changing frames of reference. In view of the increasingly significant 
role of the ‘frame of reference’ as a systematic concept in the most 
diverse regions of psychology, a further investigation of it in an area 
where it is perhaps most simply represented should prove fruitful. 

Orientation also provides an important instance of perceptual 
constancy. When, for example, the head is tilted or the person is in- 
clined to one side, a correct perception of the upright is retained. 
Under these conditions the specific visual stimulation, represented by 
the angle at which the projected main lines of the field intersect 
the retinal coordinates, as well as bodily sensations, is markedly 
changed. ‘This stability in the experience of the upright, despite 
marked changes in proximal stimulation, indicates the presence of a 
constancy phenomenon analogous to that found in the perception of 
size, shape, color, and brightness. 

Of unusual interest in the study of orientation is the fact that it 
involves the manner in which the person relates himself to the world 
about him. As he perceives the position and direction of other 
objects, so does each person also perceive his own position and direc- 
tion. ‘To what extent is the body localized as other objects are and 
to what extent does its special relation to the S play a role? The ex- 
ploration of this question may cast light on the relation of perceptual 
functions to features of personality organization. It would appear 
promising to seek for such relations first in functions as central and 
comprehensive as orientation. 

The investigations to be reported in this series are concerned with 
the following questions: How do visual and postural experiences co- 
operate in orientation, and what are their respective contributions? 
How do changes in the frame of reference affect the perception of 
the main directions of space? What conditions are responsible for 
constancy of the perceived upright, and under what conditions does 
constancy fail? Are there individual differences in the adequacy of 
orientation and in mode of orientation? If such differences are 
present, how consistent are they, and what is their origin? Do they 
relate to the individual’s characteristic way of coping with his sur- 
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roundings, even possibly in their social aspects? How can the ade- 
quacy of orientation be improved? 

The first task set for investigation was that of establishing the 
role and relative importance of the principal sources of orientation, 
namely, the visual and postural experiences, and of determining the 
manner in which they interact in perception of the vertical and hori- 
zontal. Itis therefore necessary to preface our investigations with a 
brief account of what is at present known about the sensory basis of 
orientation. 


Orientation depends on two major sources of experience, the visual and 
postural. Through vision we perceive a space which is clearly articulated 
and which is organized into a framework-like structure, the main axes of 
which are the horizontal and vertical directions. In addition to this visual 
basis, there is a fund of information proceeding from the experience of our 
own bodies. The latter data, which arise in the course of bodily adjust- 
ment to the downward pull of gravity, include kinesthetic sensations from 
muscles, tendons, joints, and viscera, as well as excitations from the 
labyrinth. 

Yet, while orientation depends on these distinct sources of information, 
we do not have in our experience distinct conceptions of the upright, one 
visual and the other postural. Our experience of spatial orientation is 
unitary. The final processes to which both visual and postural factors 
contribute produce the experience of a single upright. Indeed, there is 
ordinarily a close coincidence between the two systems: visually upright 
objects are also gravitationally upright. 

This intimate and orderly relation between visual and postural factors 
creates a difficulty when the object is to establish their respective roles in 
orientation; for whether a given judgment of the upright is based on visual 
data or on the felt position of the body, the result is exactly the same. The 
role of the two systems can be studied only by means of techniques which 
permit their separation, and variations in the relation between them. By 
tilting the visual field while the body remains upright, visual and postural 
factors may be separated. Further, by excluding the visual field it becomes 
possible to observe the characteristics of orientation when based on postural 
factors alone. Such procedures have been used in prior studies and will 
also be the basis of the investigations to be reported. 

The role of visual and postural factors in orientation has been the object 
of investigation and of systematic theory. Koffka (2) has presented the 
view that the main directions of visual space constitute the perceived verti- 
cal and horizontal. The visual field, according to Koffka, creates its own 
framework; the main lines within it assume the function of vertical and 
horizontal. It would follow that if our visual surroundings were to be 
tilted, our perceived vertical and horizontal would shift toward the new 
main directions. We would then perceive the new framework as upright, 
and the orientation of all objects within it would be perceived in relation to it. 

In formulating this view Koffka based himself on the classical mirror 
experiment of Wertheimer (3, p. 257 ff.). In that experiment the subject 
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looked through a tube into a tilted mirror which displaced the image of a 
room by 45°. By this procedure the visual coordinates were separated 
from the postural coordinates and displaced by adefinite amount. It there- 
fore became possible to determine whether a given judgment of the upright 
was made in terms of the visual framework, or with reference to the body 
position, or by a compromise between the two. Wertheimer found that 
upon first looking into the tilted mirror the Ss perceived the scene as tilted. 
A bouncing ball was seen to fall at an angle, a person walking across the 
room appeared to be falling to one side, and so on. However, with con- 
tinued inspection, the mirror scene came gradually to look upright, and 
everything within it acquired a normal aspect. ‘The interval required for 
the righting of the scene was believed to be consumed in a gradual ‘wearing 
off? of the framework of the outer world.! This acceptance of the new 
framework Wertheimer interpreted as evidence of the importance of visual 
field-factors as against postural factors. 

A fundamentally different emphasis concerning the basis of orientation 
is found in the work of Gibson and Mowrer (1). While these writers 
acknowledge the importance of visual factors and their effect upon postural 
data, they believe that our orientation in space is anchored mainly to 
postural factors. The latter are decisive in situations of conflict and are 
genetically primary. Visual stimulation, they assert, cannot be a basis for 
orientation unless postural orientation is already presupposed. Indeed, 
they go as far as to claim that the primacy of postural factors is a logical 
requirement, that the visual framework develops in the context of main- 
taining the postural equilibrium in response to the pull of gravity. 

We cannot here consider the full basis of evidence for the formulation 
of Gibson and Mowrer. Of more immediate relevance are the observations 
made by Gibson when he repeated the mirror experiment of Wertheimer 
with results that he claimed to be different. Gibson’s Ss looked through 
a tube into a tilted mirror, the images of which were displaced approxi- 
mately 30°. They perceived the tilt from the start and also refforted a 
lessening of the tilt with continued observation. However, the scené did not 
fully right itself. Only with a special effort could the Ss momentarily feel 
themselves into the room. Generally, however, they did not feel themselves 
part of the tilted room, the position of the body remaining “‘an omnipresent 
factor in the seeing of the room.”’? In opposition to Wertheimer, Gibson 
concluded from these observations that judgment of the upright is anchored 
mainly to the body. 

It is clear that in order to establish the respective roles of the visual 
and postural systems in orientation it is necessary to clarify the apparent 
contradiction between the reports of Wertheimer and Gibson. This was 
attempted in the present study, where the mirror experiment was repeated 
with a large number of Ss and under several different conditions. 


1 Wertheimer also tested the ability of the S to set a white line on a black ground to the 
vertical before and after the observation of the mirror scene. He reported that after the tilted 
mirror scene had become upright the setting of the vertical became uncertain and variable. 

2 Gibson and Mowrer report results essentially similar when Ss viewed the surroundings 
through prisms tilting the field from between 10° and 45°. 











SPACE ORIENTATION: PERCEPTION OF UPRIGHT 329 


II. THe ExpEeRIMENT 


The top of a 48 by 40 in. mirror was tilted back by 15° from the vertical. ‘The scene which 
it provided had, therefore, a tilt of 30°, or twice that of the mirror. The result was equivalent 
to placing the S in front of a visual field ti'ted backward by 30°. The S was brought into the 
laboratory blindfolded, and placed in a standing position in front of, and slightly to one side of 
the mirror. A circular cardboard tube, two feet long and nine in. in diameter, through which 
he was to view the mirror scene, was placed over his face. This tube was tilted downward by 
approximately 30°, in order to include a view of the floor of the scene, and the farther end of 
the tube was eight in. from the mirror surface. The S remained blindfolded for a period of three 
minutes. Before the blindfold was removed, the £ read the following instructions: “When you 
open your eyes, you will be observing a scene. Try to describe what you see of the room and 
the objects in it.”” S was not informed that he was facing a mirror and he was not questioned 
at all about the tilt of the scene until the observation period was over. Upon opening his eyes 
S saw the reflection of a portion of a large laboratory, including tables, chairs and apparatus. 
A great part of one wall and of the floor of the room, and of the scene outside one of the windows, 
were also visible. The view excluded the reflection of S, the tube and the mirror edge. 

After he had described the scene for a period of two min., S’s perceived vertical was measured. 
For this purpose, a rod 2} ft. long and pivoted at its center was used. The stand on which the 
rod was mounted was placed on a table which was parallel to the visible wall of the scene. The 
rod was capable of rotation in a plane parallel to this wall—that is, toward S or away from him. 
The rod stood 12 feet to the back and 15 feet to the left of S so that in the mirror it appeared 
to be in front and to the left of him. Since the plane in which the rod moved was to the left, 
it was slightly oblique to S. There was no difficulty, however, in seeing the plane clearly. 
A square cardboard mounted on the side of the table toward S excluded from view the stand and 
a protractor fixed to the stand in back of the rod. Before the measurements were taken the / 
read the following instructions: “You see the rod on the small table. ‘The experimenter is going 
to move the rod gradually. We want you to tell us when the rod is perfectly upright, that is, 
when it is parallel to your body. As the experimenter moves the rod, you will say ‘now’ when 
it reaches this position. We will take a few measurements.” 

During the observation period the rod had remained perpendicular to the floor. It was 
now moved to a near-horizontal position. The £ then moved it slowly in steps of two degrees 
until S indicated that it had reached the vertical. Four successive measurements of the vertical 
were taken with the rod returned to a near-horizontal position on each trial. On the first and 
third trials the rod was moved in a counter-clockwise direction from its initial position; on the 
second and fourth it was moved clockwise. 

When the measurements had been taken S was told to close his eyes and led to an adjoining 
room. He was then questioned in detail regarding his observation of the tilt. After this he 
was returned to the experimental room with eyes open and placed directly in front of the tilted 
mirror without the tube. It will be noted that S was now much nearer to the mirror than in the 
first test with the tube. From this position S saw the reflection of the room in the mirror, but 
he also saw the mirror, its edges, and his own reflection. He was specifically cautioned to align 
the rod-image with his body and not with the image of his body. Four measurements were 
taken in the manner described above. 

It will be noted that both with and without the tube the instructions explicitly directed S 
to align the rod with the felt position of his body. This was done to insure maximum attention 
to the body as a basis for judgment. Also, to fail to instruct S in this way would have left the 
task ambiguous. 

A word of explanation should be given concerning the readings obtained with the rod. If 
the S accepts the tilted mirror scene as upright, in making the rod image upright he will adjust 
it to the axes of the scene. The rod image will therefore deviate from his body position by 30° 
or to the extent of the tilt of the scene. At the moment, of course, the rod is objectively upright, 
and the reading on the protractor is therefore zero degrees. The position of the S’s perceived 
vertical, which is 30° off the true vertical, is found by subtracting zero degrees from 30°. At the 
other extreme, if S takes full and proper account of the tilt of the scene, he will bring the rod 
image to the true upright. The rod image will therefore deviate from his body position by zero 
degrees, or will be at a 30° angle with the vertical axis of the scene. In this case, the rod itself 
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is objectively tilted by 30°, so that the protractor reading will be 30°. To obtain the position 
of the S’s perceived vertical, which is at zero degrees, it is necessary to subtract this value from 30°. 

In brief, by subtracting the protractor reading from 30°, the position of the perceived up- 
right may be determined. In cases where the protractor reading is negative, indicating that 
the rod image has been displaced even farther than the tilted scene, a value of 30° is added to the 
reading. In any case, the larger the value obtained, the farther has the perceived upright been 
shifted, under the influence of the tilted visual field. All results will be given in terms of the 
deviation of the rod image from the true upright, or from the position of the body. 

49 Ss, all college students, were used in this experiment.® 


III. Resutts 


Figs. 1 and 2 present for the with-tube and without-tube condi- 
tions respectively, the distribution of the deviations of S’s perceived 
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Fic. 1. Distribution of individual scores when the rod was adjusted 
with the tube. WN is 49. | 


vertical from the upright position of his body. The score of each S 
is based on four measurements. 
The following are the principal results of the experiment: 


1. When Ss viewed the mirror scene through the tube, the per- 
ceived upright deviated toward the axes of the tilted mirror world to a 
remarkable degree. The average setting of the rod for the group of 
49 Ss was 21.5° from the true vertical. In short, the perceived ver- 
tical was very much nearer to the mirror axes than to the position of 
the body. An appreciable number of Ss accepted the tilted scene 
either as completely upright or as almost completely upright.‘ 


2. Even more striking are the results obtained when the Ss stood 
directly in front of the mirror and looked at the tilted scene without 


* The writers wish to express their appreciation to Mr. Richard Hoffman for his assistance 
in the present experiment. 

Whenever an S started by aligning the rod with the tilted scene he was reminded that he 
was to take the position of his body as the reference. Some Ss ‘forgot’ this part of the instruc- 
tions, though it was read to them with emphasis. In some cases, following the reminder the S 
did refer to his body with some measure of success. 
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a tube. Although the Ss now knew that they were looking at a 
mirror (something of which most Ss were unaware when looking 
through the tube), they localized the vertical far nearer to the axes of 
the tilted scene than with the tube. Now the average deviation of 
the perceived vertical from the true upright was 26.4°, or less than 
four degrees from the main axis of the mirror world. 

3. Under both conditions of observation the range of individual 
differences is great, extending over nearly the entire region between 
the true upright and the 30° tilt of the mirror scene. In a few cases, 
in fact, scores greater than 30° were obtained. (See Figs. 1 and 2.) 
When looking through the tube, one S at one extreme compensated 
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Fic. 2. Distribution of individual scores when the rod was adjusted 
without the tube. JN is 49. 


for the tilt of the visual surroundings to an extent where he succeeded 
in bringing the rod to within an average of six degrees of the true 
upright. On the other hand, 15 out of the total of 49 Ss gave devia- 
tions of 26° or more. Without the tube, though there is a greater 
concentration of cases toward the upper end of the distribution, the 
range of individual differences persists. At the one extreme is an S 
who compensated completely for the tilt of the scene so that his devia- 
tion was zero degrees; while 32 Ss at the other extreme gave devia- 
tions of 28° or higher. 


In the course of the experiment a number of qualitatively different 
reactions were obtained which will now be described. 

Six Ss reported that the scene which they saw through the tube 
was perfectly upright. Two of these continued to perceive the mirror 
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room as upright when they viewed it without the tube. This group 
of six was clear in asserting that the scene appeared upright through- 
out the period of observation, and were amazed when they subse- 
quently saw the mirror. In the case of one S the mirror was turned 
to the upright while his eyes were closed. When asked subsequently 
to report what changes he observed he replied: “‘New objects have 
come into view,” but he insisted that the scene was as level earlier as 
it was now. 

In general, these Ss expressed deep surprise when they saw the 
mirror upon removing the tube from the face. One subject reported: 
“T am astounded. I didn’t think it was possible to make such a 
mistake.’’ Another asserted: “I was completely absorbed in the 
picture. It seems hard to believe that the room was tilted, every- 
thing appeared perfectly straight.”” Another S reported: “No, this 
is not what I saw before. The whole thing is slanted now. It seems 
to have shifted. I didn’t know I was looking into a mirror.”” One of 
the Ss, when returned to the scene said: ““The scene looked perfectly 
straight before. ‘The floor looked level, I felt I was looking at an ex- 
tension of the room.”” ‘The mean deviation of the perceived upright 
from the true upright for this group of six Ss was, with the tube, 
28.5°. The 1.5° displacement from the tilt of the mirror scene was 
probably within the experimental error of measurement. Without 
the tube, five of these Ss set the vertical at 29.5° from the true upright, 
or within half a degree of the vertical of the mirror scene. 

The greater number of the 49 Ss, 43, perceived the scene as tilted 
when viewed through the tube. (The frequency with which the tilt 
was perceived was very likely increased by the initial instructions, 
which specifically directed S to align the image of the rod with the 
felt position of the body.) The reports of these Ss, however, reflect 
considerable differences in emphasis, which may be important for 
subsequent investigation. 

First, six of these Ss perceived the scene as tilted when viewed 
through the tube, but attributed it to their own position. In the 
words of one S: ‘‘I seemed to be at an angle: J was the one off.””__ It is 
of particular interest that this S, whose vertical deviated from the 
true value by 19°, felt that the real vertical was that of the visual 
field, and that in taking his body position into account he was de- 
parting from the true value. An almost identical statement was 
obtained from another S: ““The room looked all right to me; it seemed 
as if I were standing at an angle. The true upright was that of the 
room.’ Another S reported: “‘I had the optical impression that I was 
at an angle myself.” Still another S said: “I feel I am leaning back- 
ward.” The following report is also of interest: ““The room had a 
queer appearance, its perspective was strange but I was not aware 
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except at moments that it was tilted. Sometimes it was as if I were 
looking at the scene from a somewhat peculiar point of vantage.” 

The remaining 37 Ss in this group of 43 who reported the room to 
be tilted, spoke of the room as actually appearing tilted. This they 
often ascribed to the position from which they observed the scene 
rather than to the scene itself. In their comments some tended to 
speak of the tilt in terms of the relation between their position and 
that of the room, rather than in terms of a tilt either in the visual 
surroundings or in their body position. 

Those Ss who perceived the tilted scene as upright placed the ver- 
tical, as described above, in alignment with the vertical axes of the 
mirror-room. Equally extreme results were also obtained with Ss 
who did perceive the tilt. ‘This was most notably the case when S 
stood directly in front of the mirror without the tube. Under these 
conditions 19 Ss gave deviations which were within two degrees of 
the tilt of the scene. Of these, two saw the scene as upright. The 
remaining 17 Ss saw the scene as tilted, but despite this, adjusted the 
vertical essentially to the mirror-room axis. These latter Ss were 
aware, or they were made aware, that since the surroundings were 
tilted and their position upright, the rod as they placed it could not be 
parallel with the upright body. Despite this knowledge, they could 
not find another position in the mirror-scene that fulfilled this re- 
quirement. One S fully conversant with the problem reported: “I 
see the room as tilted, and the rod as vertical (at a deviation of 30°), 
even though the table nearby appears tilted. Any position of the 
rod away from this appears as distinctly tilted. This is the only 
possible vertical in the scene.”” Another S commented: “This is vir- 
tually impossible. . . . I will say it is vertical now (at a deviation of 
30°) but I don’t think I'll ever get it right. It will never achieve the 
position at which I am standing.” Another S reported: “I can’t tell 
when I think the rod is vertical in relation to my body because I’m 
always relating it to the walls.” 

There were a few Ss who in an attempt to take the body into ac- 
count, tilted the rod further than the scene itself. One S tilted the rod 
once 40° from the position of his body, another 35°. When these Ss 
attempted to relate the position of the body to the visual vertical 
they became entirely confused and the error in judgment of the up- 
right became greater than it would have been if the body position 
had been completely neglected. 

Of particular interest is the difference in results obtained with the 
tube and without it. It would have been plausible to predict that 
the visual vertical would be less affected by the tilted scene when S had 
full knowledge that a mirror was being used and was actually able 
to see the tilt of the mirror. Yet the opposite was the case. In 31 
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out of 49 cases the deviations in the direction of the tilted scene in- 
creased when the tube was eliminated. (Only differences greater 
than two degrees were considered significant.) Further, the in- 
creases in the deviation of the vertical were often large, reaching, in 
one case, 21.5°. In contrast, there were only five Ss whose deviations 
were greater without the tube than with it. Often, after having ad- 
justed the rod without the tube, S would change it, in the direction of 
smaller deviations from the true upright, when the tube was restored. 

The greater effect of the tilted visual scene when the S looked into 
the mirror without the tube seems to be due primarily to the more 
lifelike quality of the scene under the latter conditions. The S now 
perceived a far wider expanse in contrast with the previously more 
restricted and somewhat more artificial view. Also, the scene was far 
richer in objects and details and, though extending only to the space 
in front of him, it seemed also to surround him. Despite his more 
accurate knowledge of the true conditions, S found it far more difficult 
to isolate a single line from the surroundings and to relate it to his 
body position. 

The reports also indicate that the tube helped many Ss considera- 
bly in determining the vertical. Often S would take note of how the 
image of the rod cut the circular opening of the tube. At other times 
S would relate the rod to the position of his face, or more particularly, 
to the line joining the eyes. In effect, the vertical was in these cases 
established by a process of isolation. The image of the rod was 
divorced from the surroundings of the room and its position estimated 
with reference to the face and tube. While in using this approach 
the Ss were not always wholly successful, many were able to reduce 
the extent of the deviations considerably. At the same time there 
were considerable individual differences in this regard. ‘There were 
Ss who could not separate themselves from the visual scene, and in- 
deed became confused when they attempted to relate the vertical 
to the position of the body. 

Though the problem of the righting of the tilted scene was not 
studied systematically, three Ss who in the with-tube condition, 
initially perceived the scene as tilted reported after continued observa- 
tion that it became less tilted, or that the tilt disappeared completely. 
One S whose initial deviation (based on 4 determinations) was 8.5° 
from the true upright or 21.5° from the mirror, came to see the room as 
perfectly upright. A new set of four measurements was taken, yield- 
ing an average deviation of 28.2° from the upright or 1.8° from the 
mirror. In the words of one S: ‘“‘At the beginning it (the floor) was 
at an angle. Then it straightened itself. Later it (the tilt) com- 
pletely disappeared.” Another S reported: “It is beginning to look 
as if it were level. Now I see the room as perfectly straight.”’ 
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IV. Discussion 


The present experiment has provided striking evidence of the 
predominance of the visual framework over postural factors in per- 
ception of the upright. Since the body remained erect while the 
visual field was displaced, the visual and postural systems were 
brought into conflict. It was found with this technique that the 
perceived upright was always much closer to the visual than to the 
postural vertical. In the first experimental condition, where the tube 
was used, the perceived upright was displaced by an average of 21.5° 
from the true upright—that is, from the position of the body—or by 
only 8.5° from the upright of the mirror scene. In the second condi- 
tion, where the tube was removed and the S brought closer to the 
mirror, the results were even more striking, with the perceived up- 
right now deviating by an average of 26.4° from the true upright, or 
by only 3.6° from the upright of the mirror. Under each condition, 
not only did nearly all Ss perceive the upright primarily in terms of 
the coordinates of the visual field, but an appreciable number adopted 
these coordinates completely. These results were obtained though 
the Ss were emphatically directed to take the postural system as 
their standard. It is also to be noted that the technique employed 
gave full play to the gravitational factors. The S was outside the 
tilted field; moreover, because he stood erect he had the optimum 
opportunity to determine the position of his body accurately, and to 
involve his body in judging the upright. 

Equally important is the finding of large individual differences. 
Both with the tube and without it, the range of the Ss’ determination 
of the upright was great, covering the greater part of the region be- 
tween the true upright and the upright of the tilted visual field (see 
Figs. 1 and 2). Under each condition, many Ss were markedly af- 
fected by the visual field; their body position seemed virtually without 
effect. Indeed, some Ss became confused and their errors increased 
when they attempted deliberately to refer to their bodies. At the 
other extreme there was a much smaller number of Ss who perceived 
the vertical primarily with reference to the position of the body. 

The results indicate that perception of the upright is also clearly 
affected by the specific structure of the visual field. When the view 
was more articulated and life-like, as was the case when the Ss looked 
into the mirror without the tube, the effect of the visual coordinates 
was markedly strengthened. ‘This observation is particularly signifi- 
cant since the changed structure of the visual field acts on a strictly 
perceptual rather than onacognitive basis. "Though without the tube 
the S had full knowledge of the tilt of the field, and of the extent of 
the tilt, this knowledge proved ineffective in the perception of the ver- 
tical. Indeed, despite the knowledge, the visual field exerted a 
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greater influence upon perception than when this knowledge was not 
available, as was the case when the tube was used. It is indicated 
that under the given field-conditions the S perceives the upright in a 
determined way; he cannot alter its direction, not even when he pos- 
sesses the knowledge that would suffice to provide the necessary 
correction. 

The present findings, based on a more intensive study and on a 
larger number of Ss, help to settle the apparent contradiction between 
the observations of Wertheimer and Gibson. Contrary to Gibson’s 
conclusion that under conditions of conflict between visual and pos- 
tural factors the shift of the perceived vertical toward the visual 
coordinates is slight, in the present experiment most individuals 
showed a very marked shift in the perceived vertical. Also, the con- 
clusion of Gibson that the visual field does not right itself under the 
given conditions is not in full accord with the results obtained here. 
While the effect of prolonged observation of tilted visual fields was 
not investigated systematically in the present experiment, a sub- 
stantial number of Ss accepted the tilted visual framework as up- 
right from the very outset, indicating that full righting of the field 
may even occur at once, without the need for prolonged observation. 
The results of the present study demonstrate that the visual frame- 
work plays a much more decisive role in establishing the upright than 
postulated by Gibson. In this regard they tend to support the con- 
clusions reached by Wertheimer. It is indicated by some of our find- 
ings that a possible reason for the difference between Gibson’s and 
our own results may lie in the smaller number of cases employed in 
Gibson’s study. It has been established here, by using a large group 
of Ss and testing them with a quantitative technique, that there are 
important individual differences in the mode of perceiving the upright. 
Consequently, if a small group of Ss is employed in a given condition, 
the results obtained may not represent the general situation. It is 
accordingly possible that because he used a small group, Gibson may 
have been tapping one segment of the population. Because Werthei- 
mer also used a small number of Ss in his study, it is possible that 
selective factors in the group used may similarly account for the 
difference in observations between Wertheimer and Gibson. 

For the reasons mentioned the more general assumptions of Gibson 
and Mowrer concerning the genetic and indeed the logical primacy of 
postural factors will require reexamination. Such a comprehensive 
evaluation must be reserved until the results of further investigations 
have been reported. 

V. SUMMARY 


In this first of a series of studies on space orientation, an effort was 
made to determine the relative importance of visual and postural 
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factors in perception of the upright. Since these two systems nor- 
mally function together, it was necessary to separate them in order 
to establish the specific contributions of each. For this purpose, the 
mirror technique, employed by Wertheimer in some of his investiga- 
tions, was used. By requiring the S to look into a tilted mirror scene 
while his body remains erect, we have essentially a situation where 
the visual coordinates are displaced while the postural upright re- 
mains unchanged. With this technique it was possible to determine 
whether the perceived upright is based mainly on the axes of the 
visual field or on the position of the body. In an experiment with 
49 Ss striking evidence was found of the primary importance of visual 
factors in perception of the upright, and of the secondary role of pos- 
tural determinants. ‘Though most Ss were greatly influenced by the 
titled visual field in making their judgments, there were found signifi- 
cant individual differences in this regard. Some Ss accepted the 
tilted field entirely, perceiving it as fully erect, while others, at the 
opposite extreme, were able to make full allowance for the tilt of the 
scene, and in their judgments succeeded in approximating the true 
upright. Experiments in which the tilted scene was viewed with a 
tube and without a tube have domonstrated that the specific structure 
of the visual field affects the manner of perceiving the upright in a 
specific way. Some of the differences in conclusions between Wer- 
theimer and Gibson, derived from this same mirror technique, are 
considered in light of the results of the present experiment. 


(Manuscript received for immediate publication April 26, 1948) 
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THE CONDITIONING OF THE HUMAN FETUS JN UTERO * 


BY DAVID K. SPELT 
Muhlenberg College 


It is commonly recognized that environmental factors influence 
the organism from the moment of fertilization, but experimental 
studies of their effects on the behavior of mammalian fetuses have 
usually disturbed the fetal environment severely. The possibility 
that conditioned response technique provides a method which would 
eliminate resort to surgery has long been seen. Successful condi- 
tioning of young infants (2, 3, 6, 7, 8, 10) and of sub-human mammals 
in which neural structures had been damaged (1, 11, 12, 13) indicated 
that lack of cortical development in the fetus presented no problem. 
Ray (15) made the first attempt, using the previously reported fetal 
response to loud sound (4, 14) which he sought to condition to a 
vibrotactile stimulation applied to the maternal abdomen. Although 
results on his single case were inconclusive, his use of individual re- 
ceiving tambours, taped to the maternal abdomen over the fetus, 
eliminated much distortion of records by maternal breathing. This 
study was suggested by Ray’s work and resembles his in general 
procedure. 


APPARATUS 


The source of noise (US) was a box 293 in. square, 10§ in. deep, made of $ in. pine stock. 
It stood on one side, surmounted by a metal framework which carried an oak clapper five in. 
wide, 224 in. long, and one in. thick. Pivoted one in. from the top, the clapper had a narrow 
steel handle nine in. long. A steel spring ran from each edge of this handle to the supporting 
framework, so that a pull of some eight pounds was necessary to raise the clapper, through an 
arc of 85°, to the stop which limited its excursion. When released the clapper struck the face 
of the box sharply, closing a circuit through a dry cell and signal marker. On top of the box 
were mounted all the controls for £’s use. 

Vibrotactile stimulation (CS) was provided by an ordinary doorbell, with the gong removed, 
the striker bent outward at an angle of go® to its original position, and the interrupter soldered 
shut. The striker vibrated strongly but almost silently in response to four volts of 60-cycle A.C. 
This stimulator, fastened to a block of wood, was held in an adjustable metal clamp at the end 
of a movable support affixed to the side of the bed in which the Ss lay. Thus, the striker could 
be made to vibrate perpendicularly to the surface of any part of the abdomen. A dual key con- 
trolled the transformer-stimulator circuit and a dry cell-signal marker circuit. 


* This study was conducted, under the direction of Dr. J. F. Dashiell, in partial fulfillment 
of the requirements for the doctoral degree at the University of North Carolina. I am indebted 
to The Watts Hospital, Durham, North Carolina, and to Dr. R. A. Ross, Chief of Obstetrical 
Department there, for generous cooperation. My greatest debt is to Elizabeth P. Spelt, who 
contributed to every phase of the work, including the arduous analysis of hundreds of feet of 
kymograph records. The costs of the research were met by a series of grants from the Smith 
Research Fund of the University of North Carolina Graduate School. 
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Fetal movements were recorded by means of three pairs of 5o-mm. receiving tambours taped 
to the maternal abdomen, each pair connected to a one-inch recording tambour. The method 
of placing the tambours is described below. S operated a signal marker whenever she felt fetal 
movement by pressing a push button which she held in her hand. A Manning pneumograph 
(16) connected to a one-in. recording tambour supplied records of maternal breathing. An 
electric clock and signal marker provided a time line marked in intervals of five sec. 

All recording devices were vertically moving ink-writers which bore upon an electrically 
driven long-paper kymograph. The kymograph, apparatus controls, and E were screened from 
S’s view when she lay in bed, as indicated in Fig. 1. 
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Fic. 1. Sketch of apparatus arrangement for fetal conditioning study 


SUBJECTS AND PROCEDURE 


Except for three non-pregnant control Ss and one of the pregnant Ss, all 16 Ss were selected 
from patients attending the obstetrical clinic of an urban hospital. All but two were past the 
seventh calendar month of gestation. Only patients whose histories were free from evidence of 
pathology during pregnancy were considered, and only those willing to participate actually served 
as Ss. Not that Ss knew they were taking part in an experiment, for the word was scrupulously 
avoided by everyone who dealt with them. Ss were told that since confinement was approaching 
and since their progress thus far had been excellent, the staff wanted some ‘special information’ 
to be obtained from X-ray pictures and from records of fetal movements to be made twice daily 
for 10 days or two weeks. They were told that no cost was involved, and that they would be 
guaranteed free care in the hospital’s obstetrical ward when they came to term. Since the 
hospital was sufficiently crowded to admit only a fraction of the group attending the clinic, 
certainty of admission was an important reward. It was made quite clear, however, that they 
were free to decline without jeopardizing the normal chance of admission, for no record was made 
of their decision on the clinic card. A few of those interviewed did so decline. 

After appointments for subsequent admission to the hospital had been arranged, each S 
went to the radiological department, where two X-ray pictures of the abdomen were made: an 
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anteroposterior view and a lateral view. These plates and the radiologist’s report were available 
well in advance of the admission time for each S. 

Each pregnant S entered the obstetrical ward on the day of her appointment as a regular 
patient, and was required to rest in bed for at least a half-day before the first experimental period. 
When she went to the experimental room for the first time, the operation of the instruments was 
superficially explained, but no insight into the problem was provided, nor did any S ever have 
an opportunity to examine the records until after her last session. Even then no information 
beyond the original statements made in the first interview was offered, lest the study become a 
matter of ward gossip. 

Before each experimental period the assisting nurse applied the pneumograph to S’s chest 
and put her to bed. In an effort to record fetal movements as adequately as possible, the data 
from X-rays, external manual examination, and fetal heart sounds were employed to determine 
the position of the fetus. One pair of receiving tambours was taped to the abdomen over the 
fetal head, another over the fetal arms, and the third over fetal legs. It was never supposed, 
however, that selective records were thus obtained, or that movements recorded from one area 
had different significance from movements recorded elsewhere. Next, the vibrotactile stimulator 
was adjusted at some convenient spot on the abdomen, although its location varied for every S 
from time to time. Then S took the push button with which she indicated that she felt fetal 
movement. Finally, £ connected the abdominal tambours and the pneumograph to the record- 
ing apparatus, and started the clock and kymograph. 

Procedure during the first experimental periods varied slightly for different Ss. Most Ss 
had two sessions daily, lasting from 30 to 75 min. each, depending largely on S’s comfort. Three 
Ss in the experimental group (Group I, nos. 10, 12, 15) received 8-16 successive US, followed by 
3-10 successive unreinforced CS (five sec. each) as a control for the possibility of pseudo-condi- 
tioning. ‘The other Ss in Group I (nos. 16, 17) received 5-15 successive unreinforced CS without 
prior US. Actually, only three CS were needed to demonstrate the indifference of the vibro- 
tactile stimulus, since it never elicited a response, without reinforcement, after three successive 
failures. Ss were warned about the noise on the first trial or two, but very few were startled, 
even on the first day. 

Conditioning procedure involved presentation of CS for five sec., terminated by the loud 
noise (US). Since Ray had shown that successful stimulation of the fetus induces a ‘refractory 
period’ lasting some four min., the principle of separating successive stimulations by intervals of 
somewhat greater length was followed, except on one or two occasions when the validity of the 
principle was checked. 

Special control groups were treated somewhat differently. Thus, Group II consisted of six 
Ss (nos. 1, 3, 4, 8, 9, 14) with whom the CS alone was tested for indifference during the last two 
months of pregnancy. Group III included three non-pregnant Ss (nos. 19, 20, 21) each of whom 
served for two ‘conditioning’ periods. In Group IV were two Ss (nos. 5, 18) with whom the 
effect of fetal age on the response to sound (US) alone was investigated by beginning presentation 
in the seventh month of gestation. 


RESULTS 


Group I.—Two Ss in this group had displayed indications that 
the conditioning procedure had been effective, when the experiment 
was interrupted by labor. S-1o0 during the first four sessions re- 
ceived 16 successive US followed by 10 successive CS. Although 
the fetus responded regularly to the noise, the vibrotactile stimulus 
was ineffective. By the eighth session three successive responses to 
CS alone appeared, but labor began the following day. Similarly, 
with S-17 three successive responses to CS alone appeared by the 
eighth session, but the onset of labor precluded further experimenting. 


1In 12 of 13 cases the fetus was in cephalic presentation at the time of X-ray; in 10 of 13 
cases, the fetal back was to the left, with the head usually in the left occiput anterior position. 
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Results with the other three Ss in Group I will be presented in 
greater detail. Records of S-16 showed the first fetal response to 
CS alone after 21 paired stimulations, and others appeared at intervals 
until in the sixth session, after 59 reinforced presentations, a series of 
seven successive CRs occurred. At the beginning of the seventh 
session the next morning, and with no reinforcement, four more CRs 
were elicited, followed by irregularly spaced responses as experi- 
mental extinction developed. ‘There was no indication of recovery 
of the response the following day, although US was still effective. 
These data are summarized in Table I. 


TABLE I 


Results from Subject 16. Trial numbers in italics indicate unreinforced presentations of 
the conditioned stimulus; all others are paired presentations. Letters in the Resp. column show 
which recording systems revealed the response: H—fetal head; A—fetal arms; L—fetal legs; 
M—maternal signal. This S had only one experimental period per day; the interval between 


successive days is indicated by the dashes. 























Trial Resp. Trial Resp. Trial Resp Trial Resp. Trial Resp. 
14 LM 32 HALM 50 HA M 67 H LM 84 
15 LM 33 HALM || -----|----- 68 H 85 
16 H LM 34 HALM 51 ALM 69 H M 86 |H M 
17 H LM 35 LM 52 H M 70 HALM 87 
18 LM 36 LM 53 LM 71 HALM 8&8 HALM 
19 LM 37 ALM 54 ALM 72 H 89 
20 ALM || -----|----- 55 HALM 73 HALM go 
21 LM 38 H LM 56 M 74 ALM or H LM 
22 M 39 H LM 57 LM 75 HALM Q2 
23 H LM 40 H LM 58 ALM 70 HALM 93 
24 HALM qi H LM 59 HALM 77 HALM O4 
-~----|----- 42 60 ALM 78 HALM 95 
25 LM 43 ALM 61 70 HALM |] ----- | ----- 
26 AM 44 HA M 62 ALM || -----|----- 096 
27 ALM 45 H M/||-----|----- 80 AM 07 
28 ALM 46 HALM 63 H M 81 H LM 
29 H LM 47 HALM 64 H M 82 HALM 99 |HALM 
30 HALM 48 AM 65 H LM 83 H M 100 
31 49 66 HALM 
































S-15 received 10 successive US followed by three successive CS 
during the first two sessions. As before, the noise was effective, the 
vibrotactile stimulus ineffective. The first response to CS alone oc- 
curred in the sixth session after 16 paired stimulations. Others oc- 
curred irregularly, but since this S was still in the eighth month of 
gestation, she was allowed to leave the hospital at her own request 
after the eleventh session. She returned two weeks later and the 
experiment was resumed. The CS alone was ineffective, but after 
31 reinforcements six successive CRs appeared, followed by experi- 
mental extinction. With 12 more reinforcements the CR was re- 
instated at the end of the session. The data obtained after S’s return 
are summarized in Table II. 
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S-12 was perhaps the most interesting of the group, because of the 
extensive study of the CR which was possible. During her first two 
sessions, eight successive US were followed by four successive CS 
which were ineffective. The earliest response to CS alone came in 
the seventh session after 21 paired stimulations, when on two succes- 
sive trials (Table III, nos. 27-28) CRs occurred. Three more CRs 
were obtained at the beginning of the ninth (nos. 40-44). When 
four successive CS produced no direct record of fetal response (nos. 
55-58), S was permitted a 24-hour rest period to see whether sponta- 
neous recovery would develop. That such recovery occurred is 
evident. Eleven successive CS alone produced six clear reactions 


TABLE II 


Results from Subject 15. Trial numbers in italics indicate unreinforced presentations of 
the conditioned stimulus; all others are paired presentations. Letters in the Resp. column show 
which recording systems revealed the response: H—fetal head; A—fetal arms; L—fetal legs; 
M—maternal signal. Intervals between sessions on a single day are shown by asterisks, between 
sessions on successive days by dashes. 














lrial Resp. ! Trial | Resp. | Trial Resp Trial Resp. Trial Resp. 

72 86 AL 98 A 111 ALM 12 LM 

73 HALM || -----|----- 99 |HA ss teen | eee 

74 L 87 100 A 113 |HALM 125 

75 88 HAL 101 114. |HALM 126 L 

76 89 L 102 |HALM 115 |HALM 127 L 

77 ALM go 103 |HALM 116 |HALM 128 

78 gI HA 104 L a en gee 129 ALM 

70 2 HA M 105 |HALM 117 AL 130 LM 
aiatielieal \ntincindinaies 93 HALM |j -----|----- 118 L 131 ALM 

&0 94 HALM 106 LM 119 132 ALM 

&1 95 HA M 107 AL 120 133 

82 Ft elated 108 121 134 M 

83 L 96 LM 109 L 122 L 135 

84 L 97 L 110 |HA 123. | HAL 136 LM 

85 HALM 












































in the fetal records and on two other trials the maternal signal was 
pressed (cf. Table III, trials 59-69). The response was then ex- 
tinguished again, although the fetus still responded to the noise. S 
was then discharged, but returned to the hospital 18 days later as a 
result of false labor. Hence it was possible to resume experimental 
work exactly three weeks after the last previous session. In the next 
two periods, CS was presented alone 12 times in succession; seven of 
the first nine stimuli were effective, showing retention of the response 
over this interval, while the last three were ineffective. On the next 
day only two CRs were elicited in eight trials, and S was again dis- 
charged. She returned 13 days later, when X-rays showed that the 
fetus was probably past term, but it was possible to run one more 
experimental session before labor was medically induced. ‘There was 
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no response to CS alone although the two stimuli together were 
effective. These data appear in Table ITI. 

Group. II.—This group included six Ss, all in the late eighth or the 
ninth month of pregnancy, with whom the CS alone was tested to 
discover whether it became effective simply as a result of advancing 
fetal maturity. Although each S received 4-7 unreinforced vibro- 
tactile stimuli, none of the 32 trials elicited a response. 

Group III].—In this group were three non-pregnant Ss, members 
of the hospital’s staff, each of whom served for two standard experi- 


TABLE III 


Results from Subject 12. Trial numbers in italics indicate unreinforced presentations of 
the conditioned stimulus alone; all others are paired presentations except no. 91, which was the 
sound alone. Letters in the Resp. column show which recording systems revealed the response: 
H—fetal head; A—fetal arms; L—fetal legs; M—maternal signal. Intervals between sessions 




















on a single day are shown by asterisks, between intervals on successive days by dashes. Longer 
intervals are specifically stated. 
Trial Resp. | Trial Resp Trial Resp. Trial | Resp. | Trial Resp 
22 M || 41 LM 58 77 | 05 
23 L |l----- |----- | -----|----- 78 gO 
24 A 42 LM 59 M Three weeks’ 97 ALM 
25 LM 43 L 60 ALM interval 98 LM 
26 LM 44 LM 61 70 eee ee | eee ee 
-----|----- 45 62 LM So AL 99 | HAL 
27 ALM 40 63 81 L, 100 AL 
28 AM 47 64 ALM 82 L 101 HAL 
20 M 48 65 L 83 102 L 
30 | ieiecll fetia 66 M &4 ALM 103 
31 ALM 49 67 LM 8&5 LM 104 i, 
32 L 50 Sy leaded Nia cciaas 8&6 LM 105 
33 ALM 51 M 68 ALM 8&7 A 106 L 
ae See 52 LM 69 ALM &8 107 
34 LM 53 ALM 70 8&9 13 days’| interval 
35 LM 54 LM 71 go 108 
36 LM |] -----|----- 72 gI LM 109 
37 55 M 3 § 890 Frenne] ooons 110 
38 L 56 74 2 III 
39 LM 57 75 ALM 93 LM 112 |HALM 
40 ALM 76 LM O4 113 AL 









































mental periods. 


Presentation of the two stimuli in varying combina- 


tions, for 16-23 trials per S during the two sessions, yielded no rec- 
ords remotely resembling those obtained with pregnant Ss. 

Group IV.—This group consisted of two Ss whose records indi- 
cated that the US used (noise) was ineffective before the eighth 


calendar month of gestation. 


S-5, in whom gestation had progressed 


to the latter part of the seventh month was exposed to 39 successive 
US. On only one occasion did the records show what might have 


been a fetal response. 


peared without evidence of movement in the fetal records. 


On eight other trials the maternal signal ap- 
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S-18 was tested at intervals from the middle of the seventh month 
to the middle of the eighth. During the seventh month 60 US 
yielded no indication of movement, either in the fetal or the maternal 
records. During the eighth month the US was presented four times 
during the first week, with the maternal signal indicating fetal move- 
ment unsupported by the direct records. In the third week, seven 
stimuli produced three definite fetal reactions and one indicated by 
the maternal signal only. 
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Fic. 2. Sample kymograph records from fetal conditioning study. A, showing response 
to both stimuli, and B, showing response to CS, obtained from same S. C is a record from a 


non-pregnant control S._ D shows result of applying CS alone in late pregnancy without previous 
conditioning trials. 


DIscussION 


At present no experimental procedure will permit one to test Holt’s 
thesis (5, pp. 37-43) that intra-uterine conditioning accounts for 
certain of the behavioral characteristics of the human neonate. On 
the other hand, it is clear that the human fetus can be conditioned 
experimentally during the last two months of pregnancy. The re- 
cords, of course, cannot be expected to yield data on comparative 
motility of fetal head, arms, and legs. The placement of the fetal 
body during the last weeks of gestation and the limitations imposed by 
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recording only from the abdominal surface preclude such interpreta- 
tion. Furthermore, it is impossible to derive precise quantitative 
values for latency, duration, or extent of response, for much the same 
reasons. Actually, examination of the records indicates that re- 
sponses to paired stimuli have shorter latencies than do CRs, but the 
distributions overlap. In the same way, although both sharp, quick 
responses and slower, longer lasting movements appear, it has not 
been possible to attach any significance to the difference. 

If these records do not permit analysis of the sort mentioned, they 
are, none the less, not greatly distorted by such factors as maternal 
breathing and gross bodily movement. When such distortion does 
occur, as the result of a deep sigh for example, it can be readily de- 
tected because all three fetal curves move in the same direction 
simultaneously, and the irregularity appears in the maternal breathing 
curve as well. This is never true of fetal responses, and the fact is 
obviously of importance in reading the curves. 

The amount of agreement between the direct records and the 
maternal signal indicating perceived fetal movement is significant. 
As a measure of the degree of correspondence, a bi-serial r was com- 
puted, based upon the number of fetal curves (0-3) in which a given 
response appeared, and upon its presence or absence in the maternally 
made record. For 529 stimulations of the 13 pregnant Ss, nis 
= .784, o, = .O17. 

Obviously, further study of more Ss is to be desired. Analysis of 
the effective unconditioned stimuli which may be used, of the length of 
retention which may be obtained, and of the age at which sensitivity 
to auditory stimuli develops would be profitable. In this last con- 
nection, it may be significant that Langworthy (g) found fibers of the 
cochlear branch of the eighth cranial nerve much more lightly mye- 
linated in a seven months fetus than in the eight months old specimen 
which he examined. It will be recalled that in our two Ss who served 
during the seventh month of pregnancy, the noise was almost com- 
pletely ineffective as a stimulus to fetal movement. There are, then, 
enough problems still deserving investigation to justify further study 
of the fetal conditioned reaction. 


SUMMARY 


Utilizing a vibrotactile CS and a loud noise as US, it was possible 
to establish a CR in the human fetus im utero during the last two 
months of gestation. Some 15-20 paired stimulations were re- 
quired to establish the response to the point at which one could anti- 
cipate three or four successive responses to CS alone, but additional 
practice made possible as many as I1 successive CRs. Experi- 
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mental extinction, spontaneous recovery, and retention of the re- 
sponse over a three weeks’ interval were demonstrated, as well as a 
significant degree of agreement between direct records of fetal move- 
ments and maternal report of perception of fetal movement. 


(Manuscript received for immediate publication March 23, 1948) 
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